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Many of the organic components of oil have the capacity to persist in the 
environment, bioaccumulate in tissues, and are toxic to surrounding organisms.  Since 
the early 1970s, environmental assessment programs have utilized bivalves as 
monitoring tools of chemical contaminants in the marine environment.  Because of their 
sedentary and filter-feeding habit (bioaccumulation), mussels and oysters been 
employed as sentinel organisms in environmental quality monitoring studies in coastal 
ecosystems.  The use of indigenous (diploid) bivalves for biomonitoring water quality is 
limited during the summer months due to high stress and changes in biochemical 
composition induced by reproductive development. 
 In this work caged diploid and triploid oysters were compared to one another to 
determine if seasonal variations in total polycyclic aromatic hydrocarbon (PAH) 
bioaccumulation exist between the ploidy.  Variations in bioaccumulation between the 
two ploidy were tested using a static laboratory exposure study and a real-time field 
monitoring (15 months) study in Barataria Bay, Louisiana.  A modified QuEChERS and 
dispersive solid phase extraction (dSPE) method were developed and validated for 
determination of PAHs in oyster tissue.   
 
Laboratory oil exposure results showed there was a significant increase of 
40.0%, 45.3%, and 48.9% in total PAH content between the summer diploid and triploid 
oysters with the 500, 5000, and 25000 ppm exposure treatments, respectively.  There 
was a 31.3% to 58.2% increase in total PAH content between the summer diploid 
oysters and remaining seasonal treatments (winter diploid and triploid) over the 
xiv 
 
exposed oil treatment range (500, 5000, and 25000 ppm).  Significant increases (17.2% 
to 33.4%) in total PAH content within the triploid oysters were observed at the Bay 
Jimmy field sites for the months coinciding with the spawning season (June-September) 
and elevated lipids levels in the diploid oysters.  In contrast, triploid oysters only 
displayed a 4.81% to 5.43% increase in PAH content within their tissue during the 
winter and early spring months (November-early May).   
The use of triploid oysters as a biomonitoring tool is feasible for assessing 
environmental impacts following chemical or oil spills.  A caged triploid oyster 








CHAPTER 1. GENERAL INTRODUCTION 
Many organic and inorganic chemical contaminants have the capacity to persist 
in the environment, bioaccumulate in tissues, and are toxic to surrounding organisms.  
The major classes of chemical compounds found in the aquatic environment are 
pesticides, dioxins, polychlorinated hydrocarbons (PCBs), and polycyclic aromatic 
hydrocarbons (PAHs) 1.  Once these contaminants are released into the environment, 
the molecules interact with the atmosphere, water column, sediment, and biota.  Their 
interactions in the environment are regulated by several physical and chemical 
processes, and the final result may be the chemical release, immobilization, or their 
biotransformation into more reactive molecules, which are more effectively available to 
biota2.   
The Deepwater Horizon oil spill occurred on 20 April 2010 in the Gulf of Mexico 
approximately 40 miles offshore and 130 miles southeast of New Orleans, Louisiana.  It 
was the largest accidental marine oil spill in the history of the petroleum industry within 
the United States.  The oil flowed from a sea-floor oil gusher at a depth of approximately 
5,000 feet and was not plugged until 15 July 2010.  The damaged well released an 
estimated 4.9 million barrels (2.06 x 108 gallons), causing extensive damage to marine 
and wildlife habitats and the Gulf’s fishing (commercial and recreational) and tourism 
industries3.  According to the satellite images, the spill directly impacted 68,000 square 
miles (180,000 km2) of the Gulf of Mexico4.  Researchers concluded that subsurface 
plumes of dissolved oil and gas would likely remain confined to the northern Gulf of 
Mexico and that the peak impact on the aquatic ecosystem would be delayed and long 
lasting5.  Approximately one year after plugging the leak, official reports indicated about 
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491 miles (790 km) of coastline in Louisiana, Mississippi, Alabama and Florida were 
contaminated by oil and a total of 1,074 miles (1,728 km) had been oiled since the spill 
began22. 
Several studies have reported evidence of increased PAH concentrations in 
seafood after oil spills compared with baseline levels.  For example, the concentration of 
two- to six-ring PAHs in scallops after the Braer oil spill off the coast of the Shetland 
Islands was found to be > 1,300 ppb versus 12–90 ppb in baseline samples6; after the 
Sea Empress oil spill off the coast of Wales, concentrations ranged from 12 to 186 ppb 
in salmon samples compared with pre-spill samples ranging from 9 to 86 ppb7.  A 
review of PAH levels in reference data sets and post–oil spill seafood across 19 studies 
found average total PAH concentrations between 20 and 1,600 ppb in baseline 
monitoring studies and between 104 and 27,400 ppb after various oil spills8. 
During the one-year period following the Deepwater Horizon oil spill, multiple studies 
and reports9,10,11 determined that PAH levels in fish, shrimp, crab, and oyster samples 
collected from the northern Gulf of Mexico were below the level of concern (LOC) levels 
established under the protocol for reopening federal and state waters.  A study 
conducted along the Mississippi Gulf Coast observed there was no significant 
concentration difference between PAHs detected in the oyster samples for the 
Deepwater Horizon spill study and the 10-year historical data from the NOAA Mussel 
Watch program15.  The investigators observed concentration increases in oyster tissue 
during the winter growth months (Nov-Dec 2010) and declines during the spawning 




Mussels and related bivalves species are good bioindicators of water and 
sediment quality because they are sedentary and have the ability to bioconcentrate a 
great variety of environmental pollutants12.  Unfortunately, enhanced stress and extreme 
changes in biochemical composition during spawning season (May-August) may make 
bivalves unreliable as bioindicators of pollutants in the aquatic environment.  In the early 
1980’s aquaculture scientist were busy developing a hybrid oyster that was sterile and 
grew consistently throughout the year.  This new “triploid” oyster would allow 
aquaculture biologist to rear larger, healthier oysters for consumption the whole year 
round.  Triploid oysters may be the answer to biomonitoring and the seasonal variation 
phenomenon.  So, why are triploid oysters good candidates for biomonitoring organic 
contaminants in the aquatic environment?  Triploids are unique in that they are 
functionally sterile and do not spawn. While diploid oysters spawn out in warmer months 
and become watery with little meat yield, triploid oysters retain their meat in the form of 
glycogen all summer long. Triploids also do not expend energy on reproduction, and as 
a result, grow faster and larger than normal diploid oysters.  Since triploids do not 
undergo the transformations associated with reproduction that make diploid oysters 
loose tissue mass during the summer months, they can be used year around to 
effectively biomonitor chemical constituents in coastal waters and sediments. Normal 
diploid oysters typically reduce tissue mass by approximately 50-60% during the 
summer months, making them ineffective as biomonitoring tools for those months and in 
long-term studies13.  Triploid oysters are hypothesized to be superior to diploid oysters 
as a biomonitoring tool because; (1) triploids are a more robust species; (2) triploids are 
naturally resistant to pathogens; and (3) triploids do not use up their stored glycogen 
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during the spawning season, retaining contaminants for a longer period of time.  The 
triploid oyster offers the Louisiana oyster industry a remarkable new opportunity to 
rebuild their dwindling oyster resources.  Due to triploids inherent capacity to retain 
larger amounts of contaminants, more research needs to be conducted regarding their 
ability to bioconcentrate and metabolize (depurate) organic contaminants. 
 
1.1 Goals and Hypotheses 
The goal of this dissertation was to study the effects of seasonal variation on 
caged diploid and triploid oysters and their ability to biomonitor pollutants in the aquatic 
environment.  Current studies indicate that indigenous or caged diploid oysters may not 
give an accurate assessment of contaminant levels in the aquatic environment while 
undergoing reproductive development.  Although the deployment of caged oysters may 
be more time sensitive and dependent, the use of caged triploid oysters to consistently 
estimate the levels of contamination within an area will allow federal and state 
regulators to accurately make decisions concerning seafood safety and estuary 
sustainability. 
Many questions have arisen when discussing the attributes of bivalves as 
biomonitoring tools during chemical or oil spills in the aquatic environment.  It has been 
argued that traditional QuEChERS methods are not adequate for detecting high 
molecular weight PAHs in bivalves and seafood tissue14,47.  As stated earlier, research 
has shown that indigenous diploid oysters are stressed and weakened during their 
spawning season, making them questionable candidates for biomonitoring studies 
during the summer months15,16.  In contrast, triploid oysters have shown healthy and 
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constant throughout the entire year96.  The preceding statements suggest the following 
hypotheses for this research study: 
 
Hypothesis 1: 
HA: The traditional QuEChERS extraction and dispersive solid-phase extraction 
method is not adequate for the determination of PAHs in the Eastern oyster. 
HO: The traditional QuEChERS extraction and dispersive solid-phase extraction 
method is adequate for the determination of PAHs in the Eastern oyster. 
 
Hypothesis 2: 
HA: Triploid Eastern oysters are more effective than diploid Eastern oysters for 
biomonitoring PAH uptake in the summer months during short-term laboratory 
exposure studies.  
HO: Triploid Eastern oysters are less effective than diploid Eastern oysters for 




HA: Triploid Eastern oysters are more effective than diploid Eastern oysters for 





HO: Triploid Eastern oysters are less effective than diploid Eastern oysters for 
biomonitoring PAH uptake in the summer months during long-term field exposure 
studies. 
 
In order to quantify the hypotheses suggested for this research, the exposure of 
diploid and triploid oysters to oiled sediments was quantitated to determine the 
feasibility of using triploid oysters to biomonitor pollutants in the aquatic environment.  A 
modified extraction method was developed and validated for gas chromatography with 
mass spectrometry (GC/MS) analysis of selected PAHs in oyster and seafood tissue, 
using PAH percent recovery to verify method efficacy.  Diploid and triploid oysters were 
evaluated as pollution bioindicators in the laboratory by exposing them to multiple levels 
of South Louisiana crude oil contaminated sediments over a 3-week bioaccumulation 
period.   PAH uptake in tissue was quantitated using a modified extraction and GC/MS 
methodology.  A field study was conducted in the Bay Jimmy and Grand Isle regions of 
the Barataria Bay Estuary system utilizing caged diploid and triploid oysters.  The Bay 
Jimmy area was heavily oiled during the Deepwater Horizon oil spill and some areas 
were intentionally left untouched by cleanup operations to facilitate future oil spill 
research.  Water quality parameters, sediment, and oyster tissue were quantitated over 
a 15-month period to determine if there was a significant concentration difference 






1.2 Literature Review 
1.2.1 Polycyclic Aromatic Hydrocarbons (PAHs) in the Environment 
Polycyclic aromatic hydrocarbons (PAHs) are commonly occurring environmental 
contaminants that are formed during incomplete combustion of petroleum, coal, and 
other organic fuels17.  The high temperature reactions during the combustion process 
lead to the formation of unsubstituted (parent) compounds as well as methylated PAHs.  
As a result, complex mixtures of parent and methylated PAHs are found in the 
environment following oil spills. Contamination of the aquatic environment by these 
chemicals is of major concern because of their mutagenic/ carcinogenic properties.  
They are often more carcinogenic than the parent compound and their carcinogenic 
activity varies with the position of the methyl substituent in the aromatic nucleus.  The 
carcinogenic effects of the methylated PAHs are due to the metabolic conversion of the 
parent hydrocarbon to specific electrophilic metabolites, which readily react with cellular 
macromolecules, including DNA18. 
PAH inputs to the coastal marine environment are primarily from two sources: (a) 
the movement of water containing dissolved and particulate constituents derived from 
watersheds; and (b) atmospheric deposition both in precipitation and dry deposition into 
the coastal ocean19.  PAHs have been observed to be most concentrated in estuaries 
and coastal environments near urban centers, where inputs from the watersheds and 
airsheds are most concentrated.  The major sources of PAHs to the coastal marine 
environment include urban runoff, wastewater effluents, industrial outfalls, atmospheric 
deposition, and spills and leaks during the transport and production of crude and refined 
fuel oils.   
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Some of these compounds are environmentally important because they are, or 
can become, carcinogenic or mutagenic.  The US Environmental Protection Agency 
(EPA) has identified 16 PAHs as particularly important due to their toxicity to mammals 
and aquatic organisms20.   In addition, methylated polycyclic aromatic hydrocarbons 
(methylated PAHs) are commonly occurring environmental contaminants.  The 16 
priority pollutant PAHs and several methylated (substituted) PAHs, are the primary 
focus of this research (Table 1.1).  These compounds have 2–6 fused rings and 
molecular weights (MWs) of 128-278 g/mol.  Solubility and vapor pressure 
characteristics of PAHs are the major physical/chemical factors that control their 
distribution between the soluble and particle components of the atmosphere, 
hydrosphere, and biosphere.  Solubility values range from highly insoluble (e.g. 
benzo[ghi]perylene, 0.003 mg/L) to slightly soluble (e.g. naphthalene, 31 mg/L) and 
vapor pressures range from highly volatile (naphthalene) to relatively nonvolatile 
(dibenzo[a,h]anthracene). These compounds range from moderately to highly lipophilic, 
having logarithmic octanol–water partition coefficients (log Kow) of 3.37–6.75. 
 
1.2.2 The Deepwater Horizon Oil Spill and the Barataria Bay Estuary 
The Deepwater Horizon oil spill began on 20 April 2010 in the Gulf of Mexico on 
the BP-operated Macondo Prospect.   Following the explosion and sinking of the 
Deepwater Horizon oil rig, a sea-floor oil gusher flowed for 87 days, until it was capped 
on 15 July 2010.  The U.S. Government estimated the total discharge at 4.9 million 
barrels (210 million U.S. gal; 780,000 m3).  In July, tar balls reached Grand Isle and the 
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Table 1.1 Target parent and methylated PAHs monitored during study. 
 
 
shores of Lake Pontchartrain.  As of July 2011, about 491 miles (790 km) of coastline in 
Louisiana, Mississippi, Alabama and Florida were contaminated by oil and a total of 
1,074 miles (1,728 km) had been oiled since the spill began. As of December 2012, 339 
miles (546 km) of coastline remain subject to evaluation and/or cleanup operations21.  
The Bay Jimmy area was reported as having received a significant amount of oil from 
the BP oil spill – over 32,000 gallons of oil were removed during a 10-day period of 
cleaning.  Coastal erosion, a major environmental challenge even before the spill, 
became a bigger problem when oil washed onto the northern Barataria Bay 
islands, killing the roots of marsh grass and mangrove trees that helped to hold 
the land together125. 
 
 
Naphthalene 128 2 3,6-dimethylphenanthrene 206 3
Benzothiophene 134 2 Fluoranthene 202 5
2-methylnaphthalene 142 2 Pyrene 202 4
Biphenyl 154 2 Benzo(a)fluorene 216 5
2-ethylnaphthalene 141 2 1-methylpyrene 216 4
Acenaphthylene 150 3 Benzo(a)anthracene 228 4
Acenaphthene 154 3 Chrysene 228 4
Dibenzofuran 168 3 5-methylchrysene 242 4
Fluorene 166 3 Benzo(b)fluoranthene 252 5
Dibenzothiophene 184 3 Benzo(k)f luoranthene 252 5
Phenanthrene 178 3 Benzo(e)pyrene 252 5
Anthracene 178 3 Benzo(a)pyrene 252 5
Carbozole 167 3 Perylene 252 5
4-methyldibenzothiophene 198 3 Indeno(1,2,3-cd)pyrene 276 6
2-methylphenanthrene 192 3 Dibenz(a,h)anthracene 278 6
2-methylanthracene 192 3 Benzo(g,h,i)perylene 276 6
1-methylphenanthrene 192 3
#  Rings#  Rings PAHMWPAH MW
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Following the Deepwater Horizon oil spill eight U.S. national parks were 
threatened and more than 400 species that live in the Gulf islands and marshlands were 
at risk, including the endangered Kemp's Ridley turtle, the Green Turtle, the Loggerhead 
Turtle, the Hawksbill Turtle, and the Leatherback Turtle22. In the national refuges most 
at risk, about 34,000 birds were counted, including gulls, pelicans, roseate spoonbills, 
egrets, terns, and blue herons23. A comprehensive 2009 inventory of offshore Gulf 
species counted 15,700. The area of the spill includes 8,332 species, including more 
than 1,200 fish, 200 birds, 1,400 molluscs, 1,500 crustaceans, 4 sea turtles, and 
29 marine mammals.  In December 2013, the journal Environmental Science & 
Technology published a study finding that of 32 dolphins briefly captured from 24-km 
stretch near southeastern Louisiana, half were seriously ill or dying from liver disease, 
pneumonia, loss of teeth, and one pregnant female was carrying a dead fetus24.  A 2014 
study of the effects of the oil spill on bluefin tuna, published in the journal Science, 
found that oil already broken down by wave action and chemical dispersants was more 
toxic than fresh oil25.   
 
1.2.3 Triploid Oysters 
Triploids carry three sets of chromosomes while natural diploid oysters are born with 
only two sets, making them diploids. Triploids grow much faster, and since they don't 
spawn, oysters can be harvested year round.  Stanley et al.26,27 first discovered the 
culturing technique in 1979 while carrying out research at the University of Maine.  The 
original triploid protocol (Figure 1.1A) involved the exposure of a toxic chemical, a 
mycotoxin, cytochalasin B, to the newly fertilized egg, using dimethylsulfoxide (DMSO) 
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as a solvent.  The cytochalasin B was introduced at a critical moment during meiosis to 
prevent the reduction of the two sets of the female chromosomes to one, so that it 
would end up with three sets (triploidy).  Timing, duration and dosage levels were 
crucial and could in worst cases cause genetic abnormalities (aneuploidy) and high 
mortalities at various stages of larval development. Experimentation with the procedure 
determined optimal yields were produced when the toxic chemical was used during the 
meiosis II stage, inhibiting the release of the second polar body and thus producing a 
triploid zygote (fertilized egg)28.  After growing concerns about the use of cytochalasin B 
and its links with cancer, researchers tried various methods to produce triploids.  These 
methods involved subjecting oyster eggs to hydrostatic pressure, temperature 
extremes, and using an alternative to cytochalasin B, 6-dimethylaminopurine (6-
DMAP)29,30,31.  Like the cytochalasin B procedure, these methods resulted in high 
mortality and a tendency for the triploid oysters to revert back to diploids as they 
developed.  In the early 1980s a new procedure (Figure 1.1B) for producing triploids 
was developed by Allen and a colleague, Ximing Guo32.  The procedure involved 
breeding a male tetraploid oyster (with four sets of chromosomes) with a natural female 
diploid, producing a “natural” triploid, and thus avoiding the use of any toxic and 
cancerous chemical.  These “natural” triploids were after only 9 months of growth as 
much as 50% larger than normal diploid oysters.  Because triploid oysters are sterile, 
they don’t breed and become “milky” during the regular breeding season like diploids.  
The energy not used for reproduction results in faster growth rates, while maintaining 




                       
 
 
Figure 1.1 Reproductive development of triploid oyster using cytochalasin B procedure 
(A) and natural tetraploid procedure (B)33. 
 
1.2.4 Oysters as Bioindicators of Pollution 
The National Oceanic and Atmospheric Administration (NOAA) was one of the 
first governmental agencies to promote long-term monitoring of contaminants in the 




U.S. coastal regions as part of the National Status and Trends (NS&T) Program34.  The 
overall goal of the Mussel Watch Project is to monitor and record the status and long-
term changes in pollutant (e.g. PAHs) concentrations in coastal and estuarine 
ecosystems from sediments and bivalves collected throughout select U.S. coastal 
regions.  The sediment and bivalve results from this program have provided estimates 
of temporal trends and geographic distribution of chemical concentrations along our 
coastal waterways for over 25 years.   
Bivalves are a priority species for study because they are biomonitors of nature 
and readily assess biological and environmental impacts of aquatic pollutants.  The 
utility of oysters as environmental sentinels is associated with their sessile and filter-
feeding habitat.  Because of their immobility, bivalves are more likely to come into 
contact with contaminated sediments, thus allowing them to bioaccumulate more 
contaminant than other mobile aquatic species.  As filter feeders, bivalves integrate 
environmental conditions over time.  Due to their elementary digestive and enzyme 
system, they have a limited capacity of metabolizing contaminants, thus increasing the 
concentration of contaminants in their tissues above the background levels found in the 
ambient environment35. 
The duration of elevated PAH levels in seafood after previous oil spills has varied 
from several weeks to several years. High-molecular-weight PAHs (those with four or 
more benzene rings) are more likely to accumulate in tissues and persist for longer 
periods than low-molecular-weight PAHs36.  PAH levels in tissue after previous oil spills 
have been consistently lower in vertebrates compared with invertebrates37.  Aquatic 
vertebrates can metabolize PAH and PAH metabolites more rapidly than invertebrates 
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due to their relatively well-developed cytochrome P-450 monooxygenase enzyme 
system38,39, a system that results in increased metabolic clearance of PAH relative to 
bivalve mollusks, which have limited PAH metabolic capability, and crustacean40. 
Bivalves have been utilized throughout the world to assess the effects of oil spills 
on biota and their surrounding environment.  In June 1994, approximately 400 barrels of 
Venezuelan Recon was spilled at the Port of Acajutla, El Salvador41.  Chemical 
dispersants were used in shallow waters to remove the oil from the water’s surface.  
Samples of oysters from the area of dispersed oil contained total PAH levels of 147-164 
ppm (dry weight), compared with background levels less than 1.0 ppm.  PAH levels 
were reduced by 94-98% after a 4-week period.  Caged diploid mussels were used to 
evaluate the bioavailability of contaminates at various locations within Arcachon Bay, 
France42.  Results from the study showed that caged mussel exposed to sediments with 
contamination levels <2000 μg/Kg were contaminated at moderate levels (300-500 
μg/Kg), while those exposed to sediment contamination >3000 μg/Kg had accumulated 
more total PAHs (>2000 μg/Kg).  A recent oyster study43 at known oil-exposed sites in 
Louisiana showed no PAH contamination or biological signs of exposure to oil 6 months 
after the Deepwater Horizon oil spill.  It was possible that oysters, which typically slow 
or cease feeding under stress (environmental or reproductive), may have stopped 
feeding when exposed to oiled material.  The results suggest that oyster feeding and 






1.2.5 Evaluation of Oyster Extraction Methodology 
Prior to the Deepwater Horizon oil spill, the gas chromatography with mass  
spectrometry (GC/MS) methods employed for tissue analysis involved time-consuming 
and laborious cleanup techniques in order to remove co-extracts that cause 
chromatographic interferences in capillary column analyses44.  The standard procedures 
typically require 5-6 days for 2 to 3 analysts to analyze 15-20 samples.  Due to the large 
geographic area affected and length of the oil spill, new fast and sensitive methods 
were developed to accommodate the large number of samples collected.  The 
QuEChERS (quick, easy, cheap, effective, rugged, and safe) method was originally 
developed for the determination of pesticide residues in fruits and vegetables using an 
acetonitrile solvent and subsequent liquid-liquid partitioning extraction.  Sample cleanup 
was achieved with a dispersive solid-phase (dSPE) extraction to remove polar 
interferences and water.  Shortly after the spill, attempts were made using the original 
QuEChERS for extraction of seafood tissue, but results indicated the method was not 
effective at recovering the high molecular weight (HMW) PAHs45.  Several studies have 
been conducted investigating the use of various solvent combinations and extraction 
techniques (e.g. sonication and dSPE) in order to enhance PAH recoveries.  Forsberg 
et al.39 used a modified QuEChERS method for determination of PAHs in high-fat 
smoked salmon with an ethyl acetate, acetone, and isooctane solvent combination.  
Recoveries for the HMW PAHs were significantly higher in comparison to the traditional 
methodology.  Johnson38 varied dSPE combinations while determining PAHs in edible 
seafood using QuEChERS-based extraction and gas chromatography-tandem mass 
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spectrometry.  The method recoveries were 71%-130% over the PAH range with 
relative standard deviations (RSDs) less than 14%.   
The Hansen solubility parameter approach used in this study for predicting 
organic solvent solubility has been widely used in the polymer and pharmaceutical 
fields.  The basis of Hansen solubility parameter (HSP) is that the total energy of 
vaporization of a liquid consists of several individual interactions.  These interactions 
consist of (atomic) dispersion forces, (molecular) permanent dipole-permanent dipole 
forces, and (molecular) hydrogen bonding (electron exchange)46.  The dispersion 
forces, permanent dipole-permanent dipole forces, and hydrogen bonding are 
represented by δd, δp, and δh, respectively.  Hansen used a simplified three-dimensional 
model to plot polymer solubilities.  He determined, by doubling the dispersion parameter 
axis, an estimated sphere volume of solubility would be formed for each polymer (Figure 
1.2).   
 
 
Figure 1.2  Hansen volume of solubility for a polymer. 
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The Hansen volume of solubility for a polymer is located within a 3-D model by giving 
the coordinates of the center of a solubility sphere (δd, δp, and δh) and its radius of 
interaction (R).  A polymer or compound is most likely soluble in a solvent (or solvent 
blend) if the Hansen parameters for the solvent are within the solubility sphere for that 
particular polymer or compound47.  The use of the Hildebrand Solubility Parameter as a 
predictor of the optimum solvent to extract POP's from environmental soil matrices has 
been previously reported48.  The Hansen solubility parameters account for the 
Hildebrand solubility parameter as follows (eqn. 1.1): 
δ2t = δ2d + δ2p + δ2h      (1.1) 
where δ2t is the total Hildebrand parameter, δ2d is the dispersion component, δ2p is the 
polar component and δ2h is the hydrogen-bonding component. 
In order to plot all three parameters on a single two-dimensional graph, a certain 
departure must be made from Hansen solubility sphere theory. The construction of the 
Teas graph is based on the hypothetical assumption that all materials have the same 
Hildebrand value. According to this assumption, solubility behavior is determined, not by 
differences in total Hildebrand value, but by the relative amounts of the three 
component forces (dispersion force, polar force, and hydrogen bonding force) that 
contribute to the total Hildebrand value49.  Teas parameters, also called fractional 




contribution that each Hansen parameter contributes to the whole Hildebrand value 
(eqn. 1.2): 
      (1.2) 
 
Figure 1.3 shows the effect of solvents on a basic Teas graph grouped according to 
classes. Increasing molecular weight within each class shifts the relative position of a 
solvent on the graph closer to the bottom right apex. This occurs because, as molecular 
weight increases, the polar part of the molecule that causes the specific character 
identifying it with its class, or functional group, is increasingly "diluted" by progressively 
larger, nonpolar "aliphatic" molecular segments. This gives the molecule, as a whole, 
relatively more dispersion force and less of the polar character specific to its class. 
 
 






The Teas graph is particularly useful as an aid to formulating solvent mixtures for 
specific applications. Solvents can easily be blended to exhibit selective solubility 
behavior (dissolving one material but not another), or to control such properties as 
evaporation rate, solution viscosity, degree of toxicity or environmental effects. The use 
of the Teas graph can reduce trial and error experimentation to a minimum, by allowing 
the solubility behavior of a solvent mixture to be predicted in advance.  Because 
solubility properties are the net result of intermolecular attractions, a mixture with the 
same solubility parameters as a single liquid will, in many cases, exhibit the same 
solubility behavior. Determining the solubility behavior of a solvent mixture, therefore, is 
simply a matter of locating the solubility parameters of the mixture on the Teas graph. 
There are two ways by which this may be accomplished: mathematically, by calculating 
the fractional parameters of the mixture from the fractional parameters of the individual 
solvents, or geometrically, by simply drawing a line between the solvents and 
measuring the ratio of the mixture on the graph. The mathematical method is the most 
accurate, and is appropriate for mixtures of three or more solvents. The geometrical 
method is the most convenient and is suitable for mixtures of two solvents, or for very 
rough guesses when three solvents are involved43. 
 This document is presented in manuscript form.  The first chapter is a general 
introduction and literature review.  In the second chapter, the analytical method 
development and validation for determination of PAHs in oyster tissue is described.  In 
the third chapter, PAH content in diploid and triploid oysters were compared following 
exposure to various concentration of whole SLC oil over a 3-week time period.  In the 
four chapter, PAH levels were measured in oysters (diploid and triploid) and sediment 
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during a 15-month field study in the Barataria Bay Estuary.  Discussion and conclusions 
are presented at the end of individual chapters.  The literature cited is located at the end 






















CHAPTER 2. DETERMINATION OF POLYCYCLIC AROMATIC HYDROCARBONS IN 
EASTERN OYSTERS BY ENHANCED QUECHERS EXTRACTION, DISPERSIVE 
SOLID-PHASE EXTRACTION, AND GC/MS 
 
2.1  Introduction 
Polycyclic aromatic hydrocarbons (PAHs) and their homologue derivatives are 
universal environmental contaminants that typically originate from petrogenic or 
pyrogenic sources.  PAHs are characterized by thermodynamically stable 2-6 ring 
molecules and are naturally found in crude oils and coal.  They are also generated by 
the incomplete combustion or pyrolysis of hydrocarbons from anthropogenic and natural 
sources.  Many of these compounds are suspected mutagens, teratogens, and/or 
carcinogens50.  
Accidental crude oil spills in our navigable waterways raise the concern for 
marine fauna and flora to be exposed to PAHs at higher than acceptable levels.  The 
U.S. Food and Drug Administration (FDA) is responsible for detecting and assessing 
safety concerns of seafood taken from the areas exposed to spilled oil in the water and 
sediment.  The standard protocol for assessing oil-contaminated seafood requires 
sensory test of petroleum taint and PAH analysis at low-ppb levels.  The PAH analysis 
is performed on suspected seafood for targeted parent and homologue PAHs that have 
potential negative effects on human health51.  
As a result of the Deepwater Horizon oil spill, the FDA initiated the development 
of a high-throughput screening analytical method using the QuEChERS (Quick, Easy, 
Cheap, Effective, Rugged, and Safe) extraction procedure and high-performance liquid 
chromatography coupled with fluorescence detection (HPLC-FLD)52.  Using 
QuEChERS, samples are prepared in 3 simple steps.  Samples are first homogenized, 
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then extracted and partitioned with an organic solvent and salt solution, with the extracts 
finally cleaned using the dispersive solid phase extraction (dSPE) technique. 
Prior to the Deepwater Horizon spill incident, the standardized methods 
employed to detect PAHs in seafood, gas chromatography with mass spectrometry 
(GC-MS), employed time–intensive extraction and cleanup procedures in order to 
remove co-extracts that produce chromatographic interferences in capillary GC 
analysis53.   Common tissue extraction techniques include soxhlet extraction, 
sonication-assisted extraction, and accelerated solvent extraction coupled to a primary 
sample cleanup procedure employing solid-phase extraction, alumina/silica based 
column fractionation, or gel-permeation chromatography54,55.  The standard procedure 
required 4-5 days for 2-3 technicians and analyst to process 15-20 samples.  The 
massive number of seafood analyses required by the Deepwater Horizon spill incident 
revealed the need for a rapid extraction and analytical procedure with detection limits in 
the low part per billion (ppb) range using GC-MS instrumentation.  Using the 
QuEChERS method, turnaround time for processing a batch of 20 homogenized 
seafood samples by a single analyst is reduced to less than 24 hours.  Johnson 
demonstrated in a pilot study that GC-MS/MS detected benzo (a) pyrene standard at 
less than 1 ppb, indicating GC-MS/MS technology would produce approximately 10 
times lower detection limits for PAHs than using LC-based technology56.  Lehotay and 
others demonstrated that dispersive solid phase extraction (dSPE) cleanup using 
primary and secondary amine (PSA) exchange material and octadecylsilane endcapped 
(C18) could effectively remove lipid co-extracts from QuEChERS extracts from 
moderately fatty foods57.   
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Originally, the QuEChERS method was developed for the determination of 
pesticides residues in fruits and vegetables.  Just prior to and immediately after the 
2010 Deepwater Horizon oil spill, several QuEChERS methods were modified and 
developed for the analysis of PAHs in seafood matrices58,59.  Despite the success of 
QuEChERS extraction, application of the procedure to extract PAHs from high-fat fish 
samples at 500 ppb spiking levels produced less than 70% extraction efficiency60.  
Multiple applications of traditional QuEChERS to extract PAHs from seafood tissue has 
shown the extraction solvent, acetonitrile, incapable of recovering high molecular weight 
(HMW) components (MW>252), typically averaging less than 60-70% recovery9,61.  Most 
QuEChERS methods are validated using only the 16 EPA priority pollutant PAHs 
required for the analysis and determination of contaminants within seafood matrices, 
such as bivalve tissue.  Following the Deepwater Horizon incident, governmental and 
academic investigators found that low-molecular-weight parent PAHs and several 
substituted PAHs were present in most seafood types examined62.  The lack of 
toxicological and analytical data and related risk assessment on the substituted PAHs 
represents an especially critical gap in the scientific data because, by mass, the 
substituted PAHs constitute the vast majority of PAHs in crude oil and refined petroleum 
products with the potential to contaminate seafood following a marine spill event63. 
Choice of a solvent or solvent mixture for the extraction of PAHs involves many 
factors, including evaporation rate, solution viscosity, environmental and human health 
concerns, water miscibility, and often the effectiveness of a solvent depends on its 
ability to adequately dissolve one material while leaving other materials unaffected. 
24 
 
Hansen solubility parameters were developed by Charles M. Hansen in 1967 as a way 
of predicting if one material will dissolve in another and form a solution.  They are based 
on the idea that likes dissolves likes where one molecule is defined as being 'like' 
another if it bonds to itself in a similar way.  Specifically, each molecule is given three 
Hansen parameters, each generally measured in mega-pascals (MPa0.5): 
 , The energy from dispersion forces between molecules 
 , The energy from dipolar intermolecular force between molecules 
 , The energy from hydrogen bonds between molecules. 
These three parameters can be treated as co-ordinates for a point in three dimensions 
also known as the Hansen space. The nearer two molecules are in this three-
dimensional space, the more likely they are to dissolve into each other.  As a means to 
illustrate solubility information on a two dimensional graph system, Jean P. Teas 
developed the Teas graph in 1968.  The Teas graph uses a set of fractional parameters 
(fd, fp, and fh) mathematically derived from the Hansen solubility parameters to 
accurately plot solubility coordinates on a useful graph64. 
The main objective of this study was to evaluate and validate an enhanced 
QuEChERS method with dSPE cleanup for analyzing parent and substituted PAHs in 
oyster tissue at low ppb levels using GC-MS.  The study was conducted on 24 parent 
and nine (9) substituted PAHs spiked in Louisiana harvested eastern oysters 
(Crassostrea virginica).  In this study, the investigator evaluated 9 organic solvents 
commonly used in either sample preparation or solvent exchange (acetone, acetonitrile, 
cyclohexane, ethanol, ethyl acetate, dichloromethane, toluene, isooctane, and methyl 
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ethyl ketone).  This extraction and cleanup study evaluated multiple solvent 
combinations, using Hansen solubility parameters, in an attempt to enhance the 
QuEChERS method recovery of the HMW constituents.  In addition, multi-level dSPE 
cleanup and ultrasonic-assisted extraction techniques were evaluated to improve overall 
extraction and cleanup efficiency of the traditional QuEChERS method. 
 
2.2 Method and Materials 
2.2.1 Chemicals and Materials 
  A stock solution of 33 parent PAHs and substituted PAHs (2000 µg/ml) was 
prepared by combining a 17 EPA priority pollutant PAH mix, two (2) custom PAH mixes, 
and multiple individual PAH standards to volume with 50% Acetone/50% 
Dichloromethane (Table 2.1).  The PAH spiking solution and instrument calibration 
standards were purchased from Absolute Standards, Inc. (Hamden, CT) and 
AccuStandard (New Haven, CT).  A stock internal standard (ISTD) solution (1000 µg/ml) 
containing five isotope-labeled standards was purchased from AccuStandard.  A stock 
surrogate standard (SS) solution (2000 µg/ml) containing five isotope-labeled standards 
was purchased from Absolute Standards, Inc.  Two working spiking standards (2.0 and 
20 µg/ml) were prepared by dilution of the stock PAH spiking and surrogate standard 
solution with 50% Acetone/50% Dichloromethane and stored in a chemical refrigerator 
at 4°C.  An instrument calibration curve (10, 5.0, 2.5, 1.0, 0.25, and 0.10 µg/ml) of the 
parent and substituted PAHs was prepared by combining the stock PAH spiking solution  
and the surrogate standard solution in 50% acetone/50% dichloromethane and storing 
in a chemical refrigerator at 4°C.  Approximately 5 µl of the stock ISTD solution was 
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added to each calibration standard and sample prior to analysis.  High purity Optima 
(>99.8 purity) acetic acid (AA), acetonitrile (MeCN), ethyl acetate (EA), acetone (ACE), 
cyclohexane (CH), hexane (HEX), and pesticide grade isooctane (ISO) and 
dichloromethane (DCM) were purchased from Fisher Scientific (Pittsburg, PA) and used 
throughout the study.  HPLC grade (>99.9% purity), toluene (TOL), and methyl ethyl 
ketone (MEK) were purchased from Sigma Aldrich (St. Louis, MO).  Glacial acetic acid 
was purchased from J.T. Baker (Phillipsburg, NJ) and ultra-pure water was supplied by 
a Thermo Barnstead MicroPure water purification system (Dubuque, IA).   
  Commercially available Q-sep QuEChERS AOAC 2007.01 extraction salts (6 g of 
magnesium sulfate and 1.5 g of sodium acetate per packet) and AOAC 2007.01 sample 
dispersive SPE tubes (1200 mg of magnesium sulfate, 400 mg of primary secondary 
amines, and 400 mg of C18 per tube) were obtained from Restek Corporation 
(Bellefonte, PA).  Thermo Scientific Nalgene Oak Ridge round-bottom 50-ml centrifuge 
tubes were purchased from Cole-Parmer (Vernon Hills, IL).  The 5-ml amber storage 
and 2-ml amber crimp top autosampler were purchased from Agilent Technologies 
(Santa Clara, CA). 
 
2.2.2 Oyster Sample Source and Preparation 
  Fresh diploid oysters were purchased from a local oyster harvester in Houma, 
Louisiana.  The oysters were harvested from Caillou “Sister” Lake SW of Dulac, 
Louisiana.  Average oyster lipid content (2.45%) was determined using methods 
described by Smeded65.  Tissue was homogenized using a Waring 2-speed laboratory 
blender with a 110 ml stainless steel container (Stamford, CT).  The homogenized 
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Table 2.1  Retention time (RT), monitored ions, and %RSD for individual analytes by 
GC/MS. 
 
PAH Chromatogram # DB5 RT (min.) Quant. Confirm. r 2
Naphthalene-d8 ISTD #1 10.60 136 68 ― 2 a
Naphthalene 1 10.67 128 127,129 0.998 2 b
Benzothiophene 2 10.86 134 89 0.997 2 a
2-methylnaphthalene 3 13.19 142 141,115 0.997 2 b
1-methylnaphthalene-d10 SS #1 13.45 152 151 0.994 2 b
Biphenyl 4 15.05 154 152 0.996 2 a
2-ethylnaphthalene 5 15.38 141 140 0.991 2 b
Acenaphthylene 6 16.58 152 151,150 0.996 3 b
Acenaphthene-d10 ISTD #2 17.18 164 162,160 ― 3 a
Acenaphthene 7 17.30 154 153,152 0.991 3 b
Dibenzofuran-d8 SS #2 17.88 176 147 0.991 3 b
Dibenzofuran 8 17.96 168 139 0.995 3 a
Fluorene 9 19.29 166 165,167 0.994 3 b
Dibenzothiophene 10 22.48 184 139,185 0.999 3 a
Phenanthrene-d10 ISTD #3 22.88 188 94,80 ― 3 a
Phenanthrene 11 22.97 178 176,179 0.996 3 b
Anthracene-d10 SS #3 23.08 188 186 0.996 3 b
Anthracene 12 23.15 178 176,179 0.994 3 b
Carbozole 13 23.89 167 139 0.985 3 a
4-methyldibenzothiophene 14 24.24 198 184 0.992 3 a
2-methylphenanthrene 15 25.04 192 191,165 0.997 3 a
2-methylanthracene 16 25.19 192 191,165 0.998 3 a
1-methylphenanthrene 17 25.45 192 191,165 0.997 3 a
3,6-dimethylphenanthrene 18 26.77 206 191,205 0.999 3 b
Fluoranthene 19 27.83 202 203,200 0.997 5 b
Pyrene 20 28.47 202 203,200 0.997 4 b
Benzo(a)f luorene 21 30.16 216 215,217 0.991 5 a
1-methylpyrene 22 30.74 216 215,217 0.999 4 b
Benzo(a)anthracene-d12 SS #4 33.16 240 238 0.996 4 b
Benzo(a)anthracene 23 33.25 228 226,229 0.997 4 b
Chrysene-d12 ISTD #4 33.30 240 236 ― 4 a
Chrysene 24 33.40 228 226,229 0.999 4 b
5-methylchrysene 25 35.15 242 241,226 0.992 4 b
Benzo(b)f luoranthene 26 37.23 252 253,250 0.996 5 b
Benzo(k)f luoranthene 27 37.31 252 253,250 0.993 5 b
Benzo(e)pyrene 28 38.16 252 253,250 0.995 5 b
Benzo(a)pyrene-d12 SS #5 38.26 264 260 0.998 5 b
Benzo(a)pyrene 29 38.35 252 253,250 0.998 5 a
Perylene-d12 ISTD #5 38.57 264 260,265 ― 5 a
Perylene 30 38.67 252 253,250 0.988 5 a
Indeno(1,2,3-cd)pyrene 31 43.20 276 277,274 0.991 6 b
Dibenz(a,h)anthracene 32 43.39 278 279,276 0.991 6 b
Benzo(g,h,i)perylene 33 44.31 276 277,274 0.998 6 b
a Accustandard (New  Haven, CT)
b Absolute Standard, Inc. (Hamden, CT)




tissue samples were stored in amber glass jars and stored at -70°C until extraction.  All 
sample preparation equipment and tools were washed with Alconox laboratory 
detergent (White Plains, NY) and water and rinsed with ultra-pure water, acetone, and 
hexane prior to use and between samples.  In addition to the above cleaning procedure, 
all glassware and metal equipment was dried at 90°C in a Thermo Scientific low-
temperature drying oven prior to use.  
 
2.2.3 Solvent Selection Process 
  To determine the effect of solvent on the recovery of PAHs from oyster tissues, a 
series of solvent mixtures were evaluated as alternative solvents to replace the 99% 
MeCN -1% AA solvent mixture for the QuEChERS protocol.  The investigator based the 
solvent selection process on solubility theories and values derived from Hildebrand and 
Hansen15.  Hansen solubility parameters are both reasonably accurate in predicting 
solubility behavior of target compounds (e.g. PAHs) and concise in their representation 
of that information.  The chemical properties and solubility parameters of the selected 
solvents, lipid, and common PAHs are listed in Table 2.2.  Hansen solubility parameters 
were then converted to fractional solubility parameters for insertion into Teas graphs.  
The Teas graph is the most convenient method by which solubility information can be 
illustrated.  The Teas graph for the selected solvents, lipids, and common PAHs is 
shown in Figure 2.1.   
  Because the final solvent selection would be based on fractional parameters and 
Teas graphs, the investigator used an online computational program and excel 
spreadsheet to systematically compare the fraction parameters for all binary (2 solvent) 
29 
 
and ternary (3 solvent) combinations.  Using the 9 selected solvents, 36 binary and 84 
ternary solvent combinations were available for comparison in the preliminary solvent 
recovery study.  Each solvent combination was subdivided into 10% solvent gradients 
per solvent, producing 396 binary (36 combinations x 11 gradients) and 4,536 ternary 
(84 combinations x 54 gradients) theoretical solvent combinations.  So as to narrow 
down the selection for acceptable solvent combinations, fractional solvent parameters 
for individual combinations were compared to the average PAH fractional solvent 
parameters and ranked by average percent difference.  The closer the average PAH’s 
fractional parameters proximity to the solvent system’s fractional parameters, the more 
soluble the PAH becomes in the solvent system.  Because of the large number of 
solvent combinations available for selection, a preliminary solvent efficacy study was 
performed on a select number (<10) of solvent combinations and a final solvent efficacy 
study was performed on the most effective solvent combination (preliminary study), 
using the traditional QuEChERS protocol, and seafood QuEChERS protocol. 
 
2.2.4 Preliminary Solvent Efficacy Study 
   For the preliminary efficacy study, the standard QuEChERS extraction procedure 
(AOAC official 2007.01 method) was performed.  The preliminary efficacy study 
extraction procedure is as follows: (1) weigh 15.0 g ± 0.1 g of homogenized oyster 
tissue sample into a clean 50 ml Teflon centrifuge tube; (2) fortify tissue with a 75 µl of 
20 µg/ml working standard solution directly onto the oyster tissue matrix (100 ng/g) and 
vortex for 2 minutes (min) @ 2,000 revolutions per minutes (rpm); (3) protect from UV 
light and let stand for 30 minutes; (4) add 15 ml of the selected solvent combination and 
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Table 2.2  Chemical properties and solubility parameters of the selected solvents, lipid, 














































Figure 2.1  Teas graph for the selected solvents, lipids, and common PAHs. 










δd δp δh δt 100*ƒd 100*ƒp 100*ƒh
Naphthalene NAP C10H8 128 218 1.025 3.16E-03 — 19.2 2 5.9 20.2 71 7 22
Anthracene ANT C14H10 178.2 340 1.29 4.40E-06 — 21.8 4.5 3.7 22.6 73 15 12
Perylene PER C20H12 252.3 400 1.36 Insoluble — 25.4 5.9 2.9 26.2 74 17 8
Benzo-pyrene BP C20H12 252.3 495 1.24 6.20E-07 — 25.4 5.9 2.9 26.2 74 17 8
Pyrene PYR C16H10 202.3 404 1.27 1.35E-05 — 23.5 5.8 3.7 24.5 71 18 11
Chrysene CHR C18H12 228.3 448 1.27 Insoluble — 23.7 4.7 2.9 24.3 76 15 9
Average PAH AVG — — — — — — 23.3 5.2 3.4 24.1 73 16 11
Lipid (@ 23°C) LIP — — — — — — 17.7 2.7 4.4 18.4 71 11 18
Acetone ACE C3H6O 58.08 56.2 0.786 Miscible 5.1 15.5 10.4 7.0 20.0 47 32 21
Acetonitrile MeCN C2H3N 41.05 81.6 0.786 Miscible 5.8 15.3 18 6.1 24.4 39 45 16
Cyclohexane CH C6H12 84.16 80.7 0.779 <0.1 0.2 16.8 0 0.2 16.8 94 2 4
Ethanol EOH C2H6O 46.07 78.5 0.789 Miscible 5.2 15.8 8.8 19.4 26.5 36 18 46
Ethyl Acetate EA C4H8O2 88.11 77.1 0.897 8.3 4.4 15.8 5.3 7.2 18.2 51 18 31
Dichloromethane DCM CH2Cl2 84.93 103.3 1.324 15.8 3.1 18.2 6.3 6.1 20.2 59 21 20
Toluene TOL C7H8 92.14 110.6 0.867 0.05 2.4 18.0 1.4 2.0 18.2 80 7 13
Isooctane ISO C8H18 114.2 99.1 0.692 <0.1 0.1 14.3 0.0 0.0 14.3 100 0 0
Acetic Acid AA C2H4O2 60.05 118 1.049 Miscible 6.2 14.5 8.0 13.5 21.4 40 22 38
Methyl Ethyl Ketone MEK C4H8O2 72.11 79.6 0.805 27.5 4.7 16.0 9.0 5.1 19.1 53 30 17
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vortex for 2 min @ 2,000 rpm; (5) add the contents of a Restek Q-sep QuEChERS 
AOAC 2007.01 extraction salts packet to 50-ml centrifuge tube, immediately shake for 1 
min, then vortex for 2 min; (6) centrifuge the tube at 5,000 rpm for 5 min (Sorvall 
Instruments RT6000, Thermo Scientific, Waltham, MA); (7) transfer 8 ml of the solvent 
extract to a Restek Q-sep Q351 dSPE 15-ml cleanup tube and vortex for 30 seconds; 
(8) centrifuge for 1 min at 6,000 rpm; (9) transfer 1 ml of the solvent extract to a 2-ml 
amber autosampler vial, add internal standard, cap and store in 4°C refrigerator until 
analysis.  Three reagent blanks were prepared per extraction batch by using 15 g of 
deionized water in place of the tissue matrix.  PAH concentrations found in the reagent 
blanks were averaged and subtracted from sample results.  Triplicate extractions were 
conducted for each solvent combination.  The efficacy of the study was determined by 
performing statistical analysis of the mean of the total average PAH percent recoveries 
for the individual solvent combinations. 
 
2.2.5 Final Solvent Efficacy Study 
   For the final solvent efficacy study, the standard QuEChERS extraction 
procedure (AOAC official 2007.01 method) was performed.  The final solvent efficacy 
study extraction procedure is as follows: (1) weigh 15.0 g ± 0.1 g of homogenized oyster 
tissue sample into a clean 50 ml Teflon centrifuge tube; (2) fortify tissue with a 75 µl of 
2.0 µg/ml working standard solution directly onto the oyster tissue matrix (10 ng/g) and 
vortex for 2 minutes (min) @ 2,000 revolutions per minutes (rpm); (3) protect from UV 
light and let stand for 30 minutes; (4) add 15 ml of the selected solvent combination and 
vortex for 2 min @ 2,000 rpm; (5) add the contents of a Restek Q-sep QuEChERS 
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AOAC 2007.01 extraction salts packet to 50-ml centrifuge tube, immediately shake for 1 
min, then vortex for 2 min; (6) centrifuge the tube at 5,000 rpm for 5 min; (7) transfer 8 
ml of the solvent extract to a Restek Q-sep Q351 dSPE 15-ml cleanup tube and vortex 
for 30 seconds; (8) centrifuge for 1 min at 6,000 rpm; (9) transfer 1 ml of the solvent 
extract to a 2-ml amber autosampler vial, add internal standard, cap and store in 4°C 
refrigerator until analysis.  Three reagent blanks were prepared per extraction batch by 
using 15 g of deionized water in place of the tissue matrix.  PAH concentrations found in 
the reagent blanks were averaged and subtracted from sample results.  Triplicate 
extractions were conducted for each solvent combination.  The efficacy of the study was 
determined by performing statistical analysis of the mean of the total average PAH 
percent recoveries for the individual solvent combinations. 
 
2.2.6 Ultrasonic-Assisted Extraction Study 
  After the optimum solvent combination had been selected, the optimum length of 
time and amplitude for sonication was determined.  The ultrasonic-assisted extraction 
study incorporated a 3x4 factorial design using time (2, 4, and 6 min) and amplitude 
(shaken, 25%, 50%, and 75%).  The ultrasonic-assisted extraction process consisted of 
a programmed regime of 1 minute sonication, followed by 30 seconds of idleness, then 
repeat of the process.  For example, the 4 minute ultrasonic-assisted process consisted 
of (1) 1 minute sonication, followed by (2) 30 seconds of idleness, repeat steps 1 and 2 
two more times, and finally sonicate for 1 minute.  A 30 second idleness period was 
included in the sonication process so as not to induce thermal vaporization of the low 
molecular weight PAH components.  In addition to the optimum solvent combination, the 
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traditional and seafood QuEChERS protocol were included in the sonication extraction 
study.  For the ultrasonic-assisted extraction study, the following stepwise procedure 
was followed: (1) weigh 15.0 g ± 0.1 g of homogenized oyster tissue sample into a clean 
50 ml Teflon centrifuge tube; (2) fortify tissue with a 75 µl of 2.0 µg/ml working standard 
solution directly onto the oyster tissue matrix (10 ng/g) and vortex for 2 minutes (min) @ 
2,000 revolutions per minutes (rpm); (3) protect from UV light and let stand for 30 
minutes; (4) add 15 ml of the optimum or selected solvent combination and vortex for 2 
min @ 2,000 rpm; (5) add the contents of a Restek Q-sep QuEChERS AOAC 2007.01 
extraction salts packet to 50-ml centrifuge tube, immediately shake for 1 min, then 
vortex for 2 min or follow the specified sonication regime; (6) centrifuge the tube at 
5,000 rpm for 5 min; (7) transfer 8 ml of the solvent extract to a Restek Q-sep Q351 
dSPE 15-ml cleanup tube and vortex for 30 seconds; (8) centrifuge for 1 min at 6,000 
rpm; (9) transfer 1 ml of the solvent extract to a 2-ml amber autosampler vial, add 
internal standard, cap and store in 4°C refrigerator until analysis.  Three reagent blanks 
were prepared per extraction batch by using 15 g of deionized water in place of the 
tissue matrix.  PAH concentrations found in the reagent blanks were averaged and 
subtracted from sample results.  Triplicate extractions were conducted for each 
sonication regime.  The efficacy of the study was determined by performing statistical 







2.2.7 Co-Extraction Clean-up Study 
  Following the selection of the optimum sonication regime, the optimum dSPE co- 
extract clean-up regime was determined.  The degree of clean-up in extracts using the 
optimum solvent and sonication regime was assessed in the same empirical 
procedure8,66,67  as performed by previous investigators through gravimetric 
measurements and determination of matrix effect on spike recoveries.  For the 
quantitative PAH measurements, the following stepwise procedure was followed: (1) 
weigh 15.0 g ± 0.1 g of homogenized oyster tissue sample into a clean 50 ml Teflon 
centrifuge tube; (2) fortify tissue with a 75 µl of 2.0 µg/ml working standard solution 
directly onto the oyster tissue matrix (10 ng/g) and vortex for 2 minutes (min) @ 2,000 
revolutions per minutes (rpm); (3) protect from UV light and let stand for 30 minutes; (4) 
add 15 ml of the optimum solvent combination and vortex for 2 min @ 2,000 rpm; (5) 
add the contents of a Restek Q-sep QuEChERS AOAC 2007.01 extraction salts packet 
to 50-ml centrifuge tube, immediately shake for 1 min, then sonicate for 4 minutes; (6) 
centrifuge the tube at 5,000 rpm for 5 min; (7) transfer various volumes (6.4, 8.0, and 
10.7 ml) of the solvent extract to a standard Restek Q-sep Q351 dSPE 15-ml clean-up 
tube and vortex for 30 seconds; (8) centrifuge for 1 min at 6,000 rpm; (9) transfer 1 ml of 
the cleaned solvent extract (PAH quantitation) to a 2-ml amber autosampler vial, add 
internal standard, cap and store in 4°C refrigerator until analysis.  Gravimetric 
measurements were achieved by following the above step-wise extraction procedure 
without the addition of working standard solution.  A 5 ml aliquot of the cleaned solvent 
extract (gravimetric measurement) was transferred to a pre-weighed glass test tube.  
Moisture was removed from the pre-weighed test tubes by heating the tubes for 1 hour 
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at 110°C prior to weighing.  All extracts in the gravimetric tubes were taken to dryness 
using nitrogen stream evaporation and the tubes were again heated at 110°C for 1 hour 
to remove moisture from the glassware prior to weighing on a calibrated analytical 
balance.  The weight difference was recorded to determine the amount of co-extract in 
the initial and final extracts.  Three reagent blanks were prepared per extraction batch 
by using 15 g of deionized water in place of the tissue matrix.  PAH concentrations 
found in the reagent blanks were averaged and subtracted from sample results.  Five 
replicate extractions were conducted for the PAH quantitation and gravimetric 
determination.  The efficacy of the study was determined by performing statistical 
analysis of the mean of the total average PAH percent recoveries for the optimum 
solvent combination and gravimetric measurements. 
 
2.2.8 Enhanced Extraction Protocol 
  The overall effectiveness of the enhanced QuEChERS method was determined 
by incorporating the results and information collected from the solvent efficacy, 
ultrasonic-assisted extraction, and co-extraction clean-up studies and comparing to the 
traditional QuEChERS methodology.  For the enhanced extraction study, the following 
stepwise procedure was followed: (1) weigh 15.0 g ± 0.1 g of homogenized oyster 
tissue sample into a clean 50 ml Teflon centrifuge tube; (2) fortify tissue with a 75 µl of 
2.0 µg/ml working standard solution directly onto the oyster tissue matrix (10 ng/g) and 
vortex for 2 minutes (min) @ 2,000 revolutions per minutes (rpm); (3) protect from UV 
light and let stand for 30 minutes; (4) add 15 ml of the optimum solvent combination and 
vortex for 2 min @ 2,000 rpm; (5) add the contents of a Restek Q-sep QuEChERS 
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AOAC 2007.01 extraction salts packet to 50-ml centrifuge tube, immediately shake for 1 
min, then sonicate for approximately 4 minutes; (6) centrifuge the tube at 5,000 rpm for 
5 min; (7) transfer 6.4 ml of the solvent extract to a Restek Q-sep Q351 dSPE 15-ml 
cleanup tube and vortex for 30 seconds; (8) centrifuge for 1 min at 6,000 rpm; (9) 
transfer 1 ml of the solvent extract to a 2-ml amber autosampler vial, add internal 
standard, cap and store in 4°C refrigerator until analysis.  Three reagent blanks were 
prepared per extraction batch by using 15 g of deionized water in place of the tissue 
matrix.  PAH concentrations found in the reagent blanks were averaged and subtracted 
from sample results.  Triplicate extractions were conducted for each enhanced 
extraction procedure.  The efficacy of the study was determined by performing statistical 
analysis of the mean of the total average PAH percent recoveries for the individual 
solvent combinations. 
 
2.2.9 GC-MS Analysis 
  All calibration standards and samples were analyzed using an Agilent GC-MS 
system equipped with a 7890A GC and 5975C MS detector (Santa Clara, CA) operating 
in positive ion mode with electron impact ionization (70 eV).  Mass spectral data were 
acquired utilizing selective ion monitoring (SIM) mode and DB-5MS capillary column (30 
m length, 0.25 µm film thickness, 0.25 mm i.d., Agilent J&W).  The injection port was 
operated in the pulsed splitless mode, fitted with a 2 mm glass liner with deactivated 
glass wool, and delivered a 1 µl injection via an Agilent 7683B Series autosampler to an 
inlet maintained at 280 °C.  The chromatographic conditions were the following: He 
carrier gas constant flow 1.0 ml/min, the initial oven temperature was 70 °C, 2 min hold, 
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ramp to 280 °C at 6 °C/min, 3 min hold, and ramp to 300 °C at 3 °C/min for a final run 
time of 46.67 min.  Mass spectrometer transfer line, source, and quadruple temperature 
were 280 °C, 230 °C, and 150 °C, respectively.  PAH SIM quantitation and confirmation 
ion are presented in table 2-1 along with retention times and percent relative standard 
deviation (% RSD). 
 
2.2.10 LOD and LOQ determination for parent and substituted PAHs 
  Limits of detection (LODs) and limits of quantitation (LOQs) for the enhanced 
QuEChERS method were determined according to 40 CFR 136 B for the oyster tissue 
matrix68.  Seven replicates of 5 ppb level spikes were analyzed using a working PAH 
spike and surrogate spike solution.  Then, the standard deviations of the recovered 
concentrations of the seven replicate spikes were calculated.  The LOD for each 
individual component was determined at 99% confidence level by multiplying the 
standard deviation by 3.71 and the LOQ was determined by multiplying the standard 
deviation by 10. 
 
2.2.11 Statistical Analysis 
  Statistical significance was assessed using an independent t-test, one-way 
analysis of variance (ANOVA), and two-way ANOVA (IBM SPSS Statistics Version 22, 






2.3 Results and Discussion 
2.3.1 Chromatographic Analysis 
  The analytical protocol and chromatographic conditions developed for the 
detection and quantitation of the 33 parent and substituted PAHs used in these studies 
were optimized based on previous works69, 70 and produced an acceptable degree of 
separation of the target compounds (Figure 2.2), with retention times in the range of 
10.6 to 44.3 minutes.  Table 1 summarizes parent/ substituted PAH and deuterated 
internal/ surrogate standard GC/MS instrumental parameters.  Carbozole and perylene 
were the only PAH compounds that had a correlation of determination (r2) less than 
0.991. All other PAH standard components had coefficients ≥ 0.991 within the 
calibration range of 0.10-10 µg/ml, demonstrating excellent method linearity.  The 
presence of matrix effects (e.g. lipids) is a known problem when working with marine 
tissue and can have a significant impact on the detection and quantification of target 
compounds by chromatography.  Matrix effects can reduce or magnify the analytical 
response when compared to the same concentration in a matrix-free solution.  In this 
study, the investigator was able to demonstrate the reduction of matrix effects while 
achieving target PAH recoveries of >89%.  
  The LOD and LOQ (Table 2.3) for the target parent and substituted PAH 
components were determined according to 40 CFR 136 B for the oyster tissue matrix. 
LODs ranged between 1.2 µg/Kg wet weight for phenanthrene and 2.1 µg/Kg wet 
weight for indeno (1, 2, 3-cd) pyrene, with corresponding LOQs in the range 3.2-5.7 
µg/Kg wet weight.  In respect to the maximum levels of concern for seafood established 




Figure 2.2  Representative selective ion monitoring (SIM) total ion current (TIC) chromatogram for PAHs in oyster tissue 
with a 100 ng/g level spike. PAHs corresponding to chromatogram numbers are listed in Table 2.
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Table 2.3  Enhanced QuEChERS method limit of detection (LOD) and limit of 
quantitation (LOQ) in comparison to FDA PAH levels of concern. 
 
 
QuEChERS extraction and cleanup method are sufficiently low enough for the method 
to be used for practical environmental monitoring of PAH uptake by bivalves.in the 
aquatic environment. 
 
2.3.2 Solvent Efficacy Study 
  Table 2.4 summarizes the solvent combination selection for the preliminary and 
final efficacy studies and their solubility properties.  A total of eight (8) binary and 
ternary solvent combinations were selected according to their low average percent 
difference ranking.  In addition to the above eight solvent combinations, a traditional 
QuEChERS (99% MeCN–1% AA) and an existing seafood QuEChERS (40% ACE–40% 
LOD LOQ LOD LOQ
Naphthalene 1.8 4.9 1-methylphenanthrene 1.7 4.6
Benzothiophene 2.0 5.4 3,6-dimethylphenanthrene 1.5 4.0
2-methylnaphthalene 1.9 5.1 Fluoranthene 1.8 4.9
1-methylnaphthalene-d10 2.0 5.4 Pyrene 1.6 4.3
Biphenyl 1.7 4.6 Benzo(a)f luorene 1.5 4.0
2-ethylnaphthalene 2.0 5.4 1-methylpyrene 1.7 4.6
Acenaphthylene 1.9 5.1 Benzo(a)anthracene-d12 1.6 4.3
Acenaphthene 2.0 5.4 Benzo(a)anthracene 1.9 5.1
Dibenzofuran-d8 1.9 5.1 Chrysene 1.5 4.0
Dibenzofuran 1.7 4.6 5-methylchrysene 1.9 5.1
Fluorene 1.3 3.5 Benzo(b)f luoranthene 2.0 5.4
Dibenzothiophene 1.4 3.8 Benzo(k)f luoranthene 1.8 4.9
Phenanthrene 1.2 3.2 Benzo(e)pyrene 2.0 5.4
Anthracene-d10 1.9 5.1 Benzo(a)pyrene-d12 2.1 5.7
Anthracene 2.0 5.4 Benzo(a)pyrene 2.0 5.4
Carbozole 1.7 4.6 Perylene 1.9 5.1
4-methyldibenzothiophene 1.8 4.9 Indeno(1,2,3-cd)pyrene 2.1 5.7
2-methylphenanthrene 1.6 4.3 Dibenz(a,h)anthracene 2.0 5.4
2-methylanthracene 1.8 4.9 Benzo(g,h,i)perylene 1.9 5.1
a Values obtained from U.S. FDA (2010)
b Summed values for phenathrene and anthracene
PAH















































EA–20% ISO)11 protocol were included in the preliminary and final solvent recovery 
studies.  The locations and proximity of the preliminary efficacy study solvent 
combinations, in relationship to the target PAHs and lipids, are displayed in Figure 2.3.  
The original QuECHERS protocol by Anastassides71 was designed for pesticide 
analysis of fruits and vegetables that contain greater than 75% moisture by weight.  For 
this reason, water content is considered to be a critical parameter to be controlled 
during QuEChERS extraction.  Various investigators have reported the independent and 
combined effectiveness of various ratios of acetonitrile, ethyl acetate, acetone, hexane, 
dichloromethane, cyclohexane, and isooctane for the multiresidual extraction of 
semivolatile organic compounds from solid and semisolid matrices72,73.  The criteria of 
interest for this study focuses on solvent systems capable of (1) improved selectivity for 
the HMW nonpolar PAH components; (2) effective diffusion of the solvent into the tissue 
matrix; and (3) being easily evaporated so as to reduce the detection limit. 
 
Table 2.4  Summary of solubility properties of compounds of interest and solvent 
systems evaluated in the preliminary and final efficacy studies. 
 
Solvent Mix/Compound ID δd δP δH δt R RED 100*ƒd 100*ƒp 100*ƒh Avg. % Diff.*
Naphthalene NAP 19.2 2 5.9 20.2 — — 71 7 22 —
Anthracene ANT 21.8 4.5 3.7 22.6 — — 73 15 12 —
Perylene PER 25.4 5.9 2.9 26.2 — — 74 17 9 —
Benzo-pyrene BP 25.4 5.9 2.9 26.2 — — 74 17 9 —
Pyrene PYR 23.5 5.8 3.7 24.5 — — 71 18 11 —
Chrysene CHR 23.7 4.7 2.9 24.3 — — 76 15 9 —
Average PAH AVG 23.3 5.2 3.4 24.1 15.0 — 73 16 11 —
Lipid (@ 23°C) LIP 17.7 2.7 4.4 18.4 — — 71 11 18 —
40% MEK-60% TOL 1 17.2 4.4 3.2 18.1 9.77 0.65 69 16 15 6.44
50% MEK-50% CH 2 16.4 5 2.65 17.2 13.44 0.90 74 16 10 1.58
60% DCM-40% CH 3 16.9 4.4 4.3 18.0 12.38 0.83 73 13 14 15.3
40% ACE, 60% CH 4 16.3 4.2 2.9 17.1 13.68 0.91 75 14 11 7.22
50% MEK-40% CH-10% TOL 5 16.5 4.6 2.8 17.4 13.19 0.88 72 16 12 1.47
30% ACE-30% MEK-40% CH 6 16.2 5.8 3.4 17.5 13.90 0.93 68 19 13 14.8
20% MeCN-30% DCM-50% CH 7 16.9 5.5 3.2 18.1 12.39 0.83 73 16 11 1.49
20% MeCN-40% TOL-40% CH 8 16.7 5.8 2.5 17.9 12.88 0.86 77 13 10 6.46
40% ACE-40% EA-20% ISO 9 15.4 6.3 5.7 17.6 15.64 1.04 59 20 21 35.1
99% MeCN-1%AA 10 15.3 17.9 6.2 24.3 20.53 1.37 39 45 16 64.3
40% ACE-40% MEK-20% CH 6A 16.0 7.8 5.2 18.5 — — 59 25 16 —
30% ACE-30% MEK-40% CH 6B 16.2 5.8 3.4 17.5 13.90 0.930 68 19 13 —
10% ACE-20% MEK-70% CH 6C 16.5 2.8 2.0 16.9 — — 81 11 8 —
50% ACE-40% EA-10% ISO 9A 15.5 7.3 6.4 18.3 — — 54 23 23 —
40% ACE-40% EA-20% ISO 9B 15.4 6.3 5.7 17.6 15.64 1.04 59 20 21 —
30% ACE-30% EA-40% ISO 9C 15.1 4.7 4.3 16.4 — — 69 15 16 —
99% MeCN-1%AA 10 15.3 17.9 6.2 24.3 20.53 1.37 39 45 16 —

































































Figure 2.3  Locations and proximity of the preliminary efficacy study solvent 
combinations in relationship to the target PAHs and lipids. 
 
  Figure 2.4 summarizes the overall average total PAH recoveries for the 10 
solvent combinations spiked at the 100 ppb level (wet weight) during the preliminary 
efficacy study.  The solvent combinations (SCs) ranged from 61.7 to 85.1% average 
total PAH recovery.  Solvent combinations 1, 5, 6, 7, and 9 achieved recoveries greater 
than 70%, while SC-6 was the only solvent system capable of achieving a recovery 
greater than 80%.  Recoveries from oyster tissue using SC-6 (30% ACE–30% MEK-
40% CH) yielded high recoveries, on average 85.1%, with individual PAH recoveries 
ranging from 67.6-98.1%.  The 2nd highest recovery (79.5%) was the existing seafood 
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QuEChERS (SC-10, 40% ACE–40% EA–20% ISO) solvent system.  Recoveries from 
oyster tissue using the traditional QuEChERS solvent system (99% MeCN–1% AA) 
yielded low recoveries, on average less than 66.3%, with individual PAH recoveries 
ranging from 45.2-81.4%.  A summary of the tabulated PAH recoveries for the 
















































































































Figure 2.4  Comparison of average total PAH recoveries for the 10 solvent combinations 





There was a statistically significant difference between solvent groups (preliminary 
efficacy study) as determined by one-way ANOVA (F (9, 20) = 6.382, p<0.0005).  A 
Tukey post-hoc test revealed there were no significant differences between solvent 
combinations 1, 5, 6, and 9 (p >0.132).  Solvent combinations 1, 2, 3, 4, 7, and 8 were 
eliminated from the solvent selection process as a result of low recoveries (<75%).  
Solvent combination 5 had an overall average PAH recovery greater than 75%, but was 
eliminated due to the elevated toxicity of the toluene component.  It has been 
demonstrated that extraction of various matrices with acetonitrile produced limited 
recovery of hydrophobic components4, 22.  The lack of high recovery efficiencies for the 
HMW hydrophobic PAHs, in moisture-laden matrices, may be due to acetonitrile’s high 
polarity index (5.8) and immiscibility with many non-polar solvents (e.g. hexane, 
isooctane, cyclohexane).  Results from the preliminary efficacy study suggests that 
solvent systems containing moderately water-soluble components may possess 
physiochemical properties that allow it to infuse with the seafood tissue.  At the 
molecular level, extraction of seafood tissue with more water miscible solvents (e.g. 
acetone, ethyl acetate, and methyl ethyl ketone) may displace the cytoplasmic water 
within the cell wall and allow higher extraction recoveries of the PAHs by the more 
hydrophobic organic solvents (e.g. isooctane and cyclohexane).  Unfortunately, the 
higher extraction efficiency of the nonpolar compounds results in extraction of less 
desirable co-extractable components, such as lipids.  Results from the preliminary 
efficacy study indicated that a three component solvent system of either SC-6 (30% 
ACE-30% MEK-40% CH) or SC-9 (40% ACE-40% EA-20% ISO) met the criteria for an 
enhanced QuEChERS protocol for the extraction of PAHs from oyster tissue. 
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  The final efficacy study was designed to evaluate and compare the two most 
highly effective solvent systems (SC-6B and SC-9B) and identical transecting (fractional 
solubility parameters) solvent systems with variations in component ratios (shown in 
Table 2.4).  The locations and proximity of the final efficacy study solvent combinations, 
in relationship to the target PAHs and lipids, are displayed in Figure 2.5.  A comparison 
of PAH recoveries for solvent systems SC-6B and SC-9B, along with comparable 
transecting solvent systems is shown in Figure 2.6.  As in the preliminary efficacy study, 
the traditional QuEChERS solvent system was included in the comparison. 
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Figure 2.5  Locations and proximity of the final efficacy study solvent combinations in 





























































































Figure 2.6  Comparison of average total PAH recoveries for the 7 solvent combinations 
spiked at 10 ng/g (n=3) during the final efficacy study. Error bars represent standard 
deviation. 
 
The final efficacy study solvent combinations (SCs) ranged from 67.6 to 85.7% average 
total PAH recovery (10 ng/g, wet weight).  Solvent combinations 6A-6C and 9C 
achieved recoveries greater than 80%, while solvent combinations 9A and 9B averaged 
77.3 and 78.4 % recovery, respectively.  Recoveries from oyster tissue using SC-6B 
(30% ACE-30% MEK-40% CH) yielded the highest recoveries, on average 85.7%, with 
individual PAH recoveries ranging from 75.2-96.1%.  The 2nd highest recovery (83.8%) 
was solvent combination (40% ACE-40% MEK-20% CH).  Recoveries from oyster 
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tissue using the traditional QuEChERS solvent system (99% MeCN-1% AA) yielded the 
lowest recoveries, on average less than 67.6%, with individual PAH recoveries ranging 
from 50.5-81.4%.  There was a statistically significant difference between groups (final 
efficacy study) as determined by one-way ANOVA (F (6, 14) = 9.204, p<0.0005).  A 
Tukey post-hoc test revealed there were no significant differences between solvent 
combination 6B and solvent combinations 6A, 6C, and 9C (p >0.213).  The Tukey post-
hoc test did reveal a significant difference between solvent combination 6B and solvent 
groups 9A, 9B, and 10 (p <0.045).  A summary of the tabulated PAH recoveries for the 
final efficacy study (Table A.2) is located in the appendix.  Results from the final solvent 
efficacy study indicated the 30% ACE-30% MEK-40% CH solvent system met all the 
criteria required for extraction of PAHs from oyster tissue. 
 
2.3.3 Ultrasonic-Assisted Extraction Study 
 Based on the findings from the selection of the solvent efficacy study that 30% 
ACE-30% MEK-40% CH was the most effective at removing PAHs from oyster tissue, a 
sonication energy and time course study was performed to determine the effect of 
ultrasonic amplitude and sonication extraction time on PAH recoveries (10 ng/g).  The 
results for the ultrasonic-assisted extraction study are shown in Figure 2.7.  The 
ultrasonic-assisted extraction study treatment (time and amplitude) recovery for average 
total PAH recovery ranged from 78.3 to 89.1%.  The lowest recovery was recorded for 
the 2 min-shaken treatment (78.3%), while the highest was recorded for the 4 min - 50% 
amplitude treatment (89.1%).  A summary of the tabulated PAH recoveries for the  
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Figure 2.7  Effect of extraction time (2, 4, 6 min) and ultrasonic amplitude (shaken, 25%, 
50%, and 75%) on the average total PAH recoveries for the extraction of PAHs spiked 
at 10 ng/g (n=3).  Error bars represent standard deviation.   
 
ultrasonic-assisted extraction study (Table A.3) is located in the appendix.  The effects 
of sonication time (F (2, 24) = 16.77, p < 0.0005) and amplitude (F (3, 24) = 30.31, p < 
0.0005) on PAH recovery were significant on average total PAH recovery during the 
ultrasonic-assisted extraction study.  Results showed there was a significant interaction 
between sonication time and amplitude, (F (6, 24) = 3.787, p < 0.0005).  A comparison 
of the 3 sonication times showed there were significant differences between all times.  A 
statistical comparison of amplitude indicated there was no significant difference 
between shaken and 75% amplitudes (p = 0.555) or 25% and 75% amplitudes (p = 
0.069).  The treatments incorporating 25%, 50%, and 75% amplitude all exhibited an 
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increase in overall PAH recovery when the sonication time was increased from 2 min to 
4 min, but displayed a decrease in overall PAH recovery when time was increased from 
4 min to 6 min.  The lower concentrations of PAHs recovered using the sonication 
process at 6 min extraction time, compared to the shaking, was due to losses of the 
lower molecular weight PAHs (i.e. parent and substituted naphthalenes).   This may 
have occurred due to the elevation in solvent temperature as the result of increase in 
sonication times.  The investigator attempted to avoid this phenomenon by incorporating 
a 30 sec idle period between the 1 min extraction periods, but was unsuccessful.  There 
were significant increases in overall PAH recovery for the shaken extraction process 
when shaking time was increased from 2 min to 4 min and 2 min to 6 min, but no 
change in recoveries was noted when shaking time was increased from 4 min to 6 min.  
Therefore, based on these experimental results, the most effective extraction 
conditions, in terms of amplitude and extraction time, were 50% of ultrasonic amplitude 
for a 4 min time period. 
 
2.3.4 Co-Extractive Clean-up Study 
  Lipids are very soluble in the selected solvent extraction system (30% ACE-30% 
MEK-40% CH).  The lipophilic PAHs and lipids partition into the nonpolar solvent, which 
results in their higher recovery in the extract.  The goal of this study was to evaluate the 
effectiveness of modifying a QuEChERS dSPE cleanup for removal of co-extracts 
(lipids and fats) during the extraction of oyster tissue.  A modified QuEChERS oyster 
extract (1.0 g sample/ml) was applied on 3 different clean-up regimes; (1) 150 mg 
MgSO4, 50 mg C18, and 50 mg PSA (traditional), (2) 188 mg MgSO4, 63 mg C18, and 
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63 mg PSA (+25%), and (3) 113 mg MgSO4, 38 mg C18, and 38 mg PSA (-25%), and 
the cleaned-up extracts were injected onto a GC/MS.  The +25% and -25% regimes 
represented a 25% increase and 25% decrease in dSPE composition (volume extract/ 
dSPE material weight), as compared to the traditional QuEChERS dSPE composition 
(150 mg MgSO4, 50 mg C18, and 50 mg PSA). The traditional, +25%, and -25% clean-
up regimes were produced by inserting 8.0, 6.4, and 10.6 ml of QuEChERS oyster 
extract into a standard Restek Q-sep Q351 dSPE 15-ml clean-up tube, respectively.  
Figure 2.8 compares the total ion chromatograms (TICs) of an untreated and 3 cleaned-
up extracts (30% ACE-30% MEK-40% CH solvent system and 4 min sonication at 50% 
amplitude).  As the figure shows, the +25% clean-up procedure appears to remove 
more of the co-extractable matrix (by weight) than the traditional procedure.  The TIC of 
the -25% clean-up procedure indicates this clean-up procedure removed the least 
amount of co-extractive matrix.  The visual observations are supported by the 
gravimetric determinations (Figure 2.9).  On average, the traditional dSPE procedure 
left 0.369% of co-extractives whereas the +25% dSPE procedure left 0.182% (50.7% 
decrease) of co-extractive in the cleaned extract.  In comparison, the -25% dSPE 
procedure left 0.600% of co-extractive in the clean extract, a 62.6% increase in co-
extractives from the +25% dSPE clean-up procedure.  There was a statistically 
significant difference between clean-up regimes (gravimetric determination) as 
determined by one-way ANOVA (F (2, 14) = 52.06, p<0.0005). 
  Figure 2.10 graphically illustrates the results from the fortification study of oyster 
tissue using the QuEChERS method (30% ACE-30% MEK-40% CH solvent system and 
4 min sonication at 50% amplitude) with the different dSPE clean-up regimes.  As the 
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figure shows, the results for the traditional clean-up regime at low (10 ng/g) spiking level 
in oyster matrix fell within the acceptable range of 66.0-97.2% average recovery and ≤ 
18.7% relative standard deviation (RSD) for quantitative PAH residue analysis.  The 
results for the +25% clean-up regime at low (10 ng/g) spiking level in oyster matrix fell 
within the acceptable range of 71.7-99.8% average recovery and ≤12.9% RSD.  The -
25% clean-up regime was only able to achieve average PAH recoveries ranging from 
60.5 to 88.7% and ≤18.7 RSD.  The average total PAH recovery for the traditional, 
+25%, and -25% clean-up regimes were 85.7, 88.0, and 77.5%, respectively.  There 
was a statistically significant difference between clean-up regimes (quantitative PAH) as 
determined by one-way ANOVA (F (2, 14) = 87.9, p<0.0005).  A Tukey post-hoc test 
revealed there was a significant differences between the traditional and +25% clean-up 
regime PAH recoveries (p >0.043).  The Tukey post-hoc test also revealed a significant 
difference between the traditional and -25% regimes (p <0.0005) and the +25% and -
25% clean-up regimes (p <0.0005).  A summary of the tabulated co-extractive 
gravimetric determinations and quantitative PAH recoveries for the co-extractive clean-
up study (Tables A.4 & A.5) are located in the appendix.  Based on the gravimetric and 
quantitative PAH results, the most effective dSPE clean-up regime was the +25% dSPE 
regime (188 mg MgSO4, 63 mg C18, and 63 mg PSA per ml equivalent). 
 
2.3.5 Enhanced Extraction Protocol 
  The previous solvent efficacy, ultrasonic-assisted extraction, and co-extractive 








Figure 2.8  Total ion current (TIC) chromatograms of (A) enhanced QuEChERS oyster extract (1.0 g tissue/ ml equivalent) 
only and extract cleaned-up by (B) 113 mg MgSO4, 38 mg C18, and 38 mg PSA, (C) 150 mg MgSO4, 50 mg C18, and 50 
mg PSA, and (D) 188 mg MgSO4, 63 mg C18, and 63 mg PSA. 
 












































































Figure 2.9  Amount of co-extractives as determined by weight differences of enhanced 
QuEChERS final extract taken to dryness (n=5, 5 g sample equivalents). Error bars 
represent standard deviation. 
 






















Figure 2.10  Comparison of average total PAH recoveries for the 3 clean-up regimes 




(30% ACE-30% MEK-40% CH, 4 min sonication at 50% amplitude, and 188 mg 
MgSO4, 63 mg C18, and 63 mg PSA per ml equivalent dSPE) yielded higher and more 
consistent recoveries for PAHs in oyster matrices.  Figure 2.11 graphically illustrates a 
ring-size comparison of the average PAH recoveries obtained for traditional MeCN 
based QuEChERS (99% MeCN-1% AA, 2 min shaking, and 150 mg MgSO4, 63 mg 
C18, and 63 mg PSA per ml equivalent dSPE) and enhanced QuEChERS methods 
from oysters at 10 ng/g PAH spike levels.  The enhanced QuEChERS method led to 
good recoveries, on average 89.7% over oysters tested.   Noticeable performance gains 
were made for 3-6 ring PAHs where recoveries were improved by 22.9 to 33.8% as 
compared to the traditional QuEChERS method.  The traditional QuEChERS method 
did record a 0.53% increase in parent and substituted naphthalenes recoveries when 
compared to the enhanced QuEChERS method.  Additionally, both traditional and 
enhanced QuEChERS methods displayed good extraction precision with %RSDs 
typically less than 14.1% and 8.24%, respectively.  Quantitative results for the 
enhanced and traditional extraction protocol (Table A.6) comparison are displayed in 
the appendix.  As determined by an independent T-Test, this study found the traditional 
QuEChERS method did not have significantly different 2-ring PAH recoveries (82.8% ± 
2.41%) compared to the enhanced QuEChERS method (82.4% ± 2.18%), t (4) = -0.235, 
p = 0.826.  The statistical analysis determined the traditional method had significantly 
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Figure 2.11  Ring-size comparison of average PAH recoveries obtained for traditional 
MeCN based QuEChERS and enhanced QuEChERS methods from oysters at 10 ng/g 
PAH spike levels (n=3). Error bars represent standard deviation. 
 
2.4 Conclusions 
  The overall goal of this study was to develop and validate a fast and sensitive 
method for the analysis of parent and substituted PAHs in oyster tissues.  The 
enhanced QuEChERS method performed well with regard to extraction precision (RSD 
< 15%) and produced results comparable to those from other studies in terms of PAH 
profile, resolution of chromatography, recovery range and efficiency and, together with 
PAH spike recovery studies, demonstrate an appropriate choice of extraction solvent is 
crucial to extraction performance11, 74.  The quantitative and statistical data presented 
clearly indicate that an enhanced QuEChERS based analytical method incorporating a 
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three-component solvent system of acetone, methyl ethyl ketone, and cyclohexane in a 
3:3:4 (v/v/v) ratio, along with ultrasonic-assisted extraction and dispersive SPE can be a 
fast, selective, and precise extraction method for determination of PAHs in oyster 
matrices.  Results from this study decidedly reinforce the research hypothesis, that the 
traditional QuEChERS extraction and dispersive solid-phase extraction method is not 
adequate for the determination of PAHs in the Eastern oyster.  The method provides 
GC/MS based analyte identification and quantification with detection limits at sub to low 
ppb levels.  The enhanced QuEChERS method described in this study shows potential 
















CHAPTER 3. USE OF SHORT-TERM EXPOSURE STUDIES TO EVALUATE 
TRIPLOID EASTERN OYSTERS (CRASSOSTREA VIRGINICA) AS BIOINDICATORS 




Contamination of estuarine and navigable waterways by anthropogenic 
compounds is a problem throughout the United States75.  Polycyclic aromatic 
hydrocarbons (PAHs) are oil and combustion-related hydrophobic contaminants found 
in our coastal waterways that arise from numerous anthropogenic and natural sources.  
These sources range from seeps in the Gulf of Mexico to large-scale deep sea 
releases, such as the Deepwater Horizon (DWH) spill in April 2010.  Frequent sampling 
is required to accurately identify contaminant trends given the temporal and spatial 
variability of concentrations in water and sediment.  As witnessed during the DWH spill, 
extensive and prolonged sampling is often very expensive and difficult to manage.  A 
practical supplement to field sampling is the use of bivalve organisms as bioindicators 
for determining short-term (weeks to months) exposure concentrations in the 
environment following oil and chemical spills. 
Indigenous or caged bivalves can provide an assay of temporal and spatial 
concentrations of bioavailable contaminants in the aquatic ecosystem.  Bivalves are 
widely accepted as an effective bioindicator species for monitoring hydrophobic 
contaminants in the aquatic environment76.  Bivalves have the ability to : (1) filter large 
volumes of seawater, incorporating dissolved and particulate-bound contaminants, (2) 
be easily transplanted and maintained over a long period of time, (3) tolerate a broad 
range of environmental conditions (e.g. temperature, salinity, and suspended solids 
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loading), and (4) metabolize contaminants at various rates.  Various studies have 
shown that PAH body burden within bivalves typically decline exponentially, with a 
biological half-life of approximately 16 days77,78.  The short half-life of PAHs within 
bivalve tissue limits their ability to serve as bioindicators to a maximum of 3-5 months 
after initial exposure, depending on length, frequency, and magnitude of exposure.  One 
of the shortcomings of using natural oysters (diploid) for bioaccumulation studies is their 
high summer mortality rate, caused by high energy expenditure and decreased 
immunity during their reproductive cycle79.  In contrast to their diploid counterparts, the 
inhibition of reproduction in triploid oysters has shown them to have lower summer 
mortality rates than diploids due to a reduced energy expenditure, a limited protein 
metabolism, and a more effective immune system80.  In the summer months when 
diploid oysters are spawning, triploid oysters exert little energy into reproduction and 
remain firm, full and in excellent health.  Triploids maintain their healthy conditioning 
during the late summer and early fall, when diploids are spawned-out, watery, and 
reduced in body mass.  Triploids can occur naturally, but are typically manipulated 
through a process that causes the egg to contribute two sets of chromosomes and the 
sperm one set.  This chromosomal configuration renders the triploid oyster essentially 
sterile and unable to spawn.   
Seasonal trends in PAH concentrations within the bivalve population has been 
well documented81,82,83,84.  In general, the uptake of hydrophobic contaminants such as 
PAH increases from the winter months to early spring, mainly due to gametogenesis 
and elevated uptake of nutrients.  Spawning usually occurs in late spring to early 
summer, although this is highly dependent on environmental factors such as water 
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temperature and salinity.  In diploid oysters, spawning is typically associated with a 
decrease in PAH burden due to a significant decrease in body mass (i.e. glycogen 
levels) and disruption of normal feeding patterns. 
Given the amount and duration of South Louisiana crude (SLC) oil spilled in the 
northern Gulf of Mexico (GOM) during the DWH incident, the main goal of this study is 
to evaluate the triploid Eastern oyster, Crassostrea virginica, as an analytical tool to 
assess seafood contamination in oil and chemical spill impacted areas.  Strong 
emphasis is placed on the bioaccumulation and depuration of oil-related PAHs by 
diploid and triploid Eastern oysters in a controlled laboratory exposure and depuration 
period (seven weeks).  The information gathered from this study into the 
bioaccumulation and depuration of PAH contaminants will later be used to develop a 
generalized model of the environmental conditions. 
 
3.2 Material and Methods 
Mesocosm experiments were conducted at the Louisiana State University (LSU) 
Department of Veterinary Science aquatic facilities (Baton Rouge, Louisiana) to 
investigate sediment-bound PAH uptake and depuration in the Eastern oyster 
(Crassostrea virginica).  The complete study consists of two individual seasonal 
mesocosm studies.  The first exposure study was conducted February 2012 (winter) at 
a water temperature of 19°C ± 1°C.  The second study was conducted August 2012 
(summer) at a water temperature of 26°C ± 1°C.  The main objective was to reproduce 
field conditions (sediment PAH concentrations and seasonal temperature) in the 
northern Barataria Bay estuary following the DWH oil spill and to monitor PAH 
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concentrations in Eastern oysters (triploid and diploid) following a three week exposure 
to SLC oil and four week depuration period.  The use of laboratory-based mesocosm 
studies allow the concentration of sediment-bound PAHs as well as the seasonal 
temperature (summer and winter) changes to be precisely controlled.  In addition, the 
use of large-scale mesocosms will eliminate variability in a number of other 
environmental parameters such as pH, dissolved oxygen (DO), and salinity. 
 
3.2.1 Experimental design and statistical analyses  
In February 2012 and August 2012, 180 cultured triploid oysters (>100 mm) were 
obtained from the Louisiana Sea Grant Oyster Research and Demonstration Farm off 
Grand Isle, LA. Salinity recorded close to the farm by a U.S.G.S. continuous data 
recorder (# 073802516) averaged 21.2 ± 0.1 (mean ± SE, range: 5.0-33.6) between 
2002 and 2013. The oysters were the progeny of oysters spawned in summer 2010.  
Approximately 220 diploid oysters (>75mm) were collected from a commercial lease 
located at Caillou Lake, Louisiana.  Salinity recorded at the Caillou Lake (Sister Lake) 
site by a U.S.G.S. continuous data recorder (# 07381349) averaged 19.9 ± 0.3 (mean ± 
SE, range: 6.3-22.7) between 2002 and 2013.  The diploid and triploid oysters were 
randomly assigned to five (5) dual recirculating tank systems (500 ppm, 5,000 ppm, 
25,000 ppm, sediment only, and water only).  Each treatment system consisted of two 
(2) 200-L tanks each filled with 175 L of aerated artificial seawater (ASW, Crystal Sea 
Marinemix, Aquatic Ecosystems, FL, USA) adjusted to 22 ‰ ± 2 ‰ (Figure 3.1).  An 
additional dual tank depuration system containing aerated ASW was used to hold the 
oysters during the designated depuration period.  For each treatment system, the ASW  
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was recirculated through a 0.5 ft3 biological bead (Anoxkaldnes, Sweden) filtration 
device at a rate of 10 gallons per minute (gpm).  Water temperature was maintained at 
19°C ± 1° for the winter study and 26°C ± 1° for the summer study.  The tanks were 
equipped with slotted polypropylene holding trays to allow stacking of the oysters and 
provide circulation of water between oysters.  Approximately 35 triploid and 40 diploid 
oysters (75 adult oysters/m2) were allotted to each treatment system and allowed to 
acclimate to the water for one (1) week.  The study’s population density is comparable 
to densities found in natural oyster reefs (60-150 adult oysters/m2).  Oysters were fed 
daily with 0.3 mL Pavlova 1800 (Reed Mariculture Inc., Campbell, CA, USA) per oyster.   
The oil-contaminated sediments used for dosing treatment systems were prepared by 
adding 175 mg, 1.75 g, and 8.75 g of British Petroleum (BP) South Louisiana crude 
(SLC) surrogate oil (Figure 1) to 350 g of wet sediment (50% moisture) into a 1-gallon 
glass mixing container.  The surrogate oil was collected from the Marlin Platform of the 
Dorado field, located 23 miles NE of the Macondo spill site, and possesses physical 
properties and chemical characterization similar to the Mississippi Canyon lease block 
25285.  The BP SLC surrogate oil used in these studies is currently being distributed by 
BP as a surrogate research oil for the oil spilled during the DWH incident.  Gas 
chromatography/mass spectrometry (GC/MS) analysis showed the BP SLC surrogate 
oil contained a total PAH (tPAH) concentration of 5,470 mg/Kg.  The individual PAHs 
used to determine tPAH concentrations during the studies are shown in Figure 3.2.  The 
sediment only container received 350 g of wet sediment.  The sediment sample was 




































































































































































































































































































Figure 3.2  Individual PAH concentrations in MC252 surrogate oil. 
 
Grand Isle, Louisiana.  Approximately 2-L of ASW was added to each mixing container 
and placed on an orbital shaker for 48 hours.  After mixing on the shaker, a small 
sediment sample from the 500 ppm, 5,000 ppm, 25,000 ppm, and sediment only mixing 
containers were analyzed and average tPAH concentrations were determined to be 
2.58 mg/Kg, 25.3 mg/Kg, 119 mg/Kg, and 0.335 mg/Kg (wet wt.), respectively.  Prior to 
dosing with spiked sediments, five diploid and five triploid oysters were collected from 
each treatment system to determine baseline PAH concentrations within the oysters.  
Immediately after baseline sampling, designated treatment systems were dosed with 
two (2) liters of the 500 ppm, 5000 ppm and 25,000 ppm oil-contaminated sediments 
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(wet weight basis) and unoiled sediment (sediment control) for a final sediment 
suspension load of 500 mg (dry weight) per liter. Water in the tanks was mixed daily to 
re-suspend sediments settled overnight.  At the end of week one (1), four diploid and 
four triploid oysters were collected from each treatment system for PAH and condition 
index (CI) determination. Whole oysters were carefully rinsed with deionized (DI) water, 
opened, and meat removed and weighed (g) prior to storage in a -70 °C freezer for 
future PAH analysis.  Following week one sampling, the designated treatment systems 
were spiked with a second dose of a two (2) liter volume of 500 ppm, 5000 ppm and 
25,000 ppm oil-contaminated sediments (wet weight basis) and unoiled sediment 
(sediment control) for an estimated total sediment suspension load of 1000 mg (dry 
weight) per liter for each treatment system.  At the end of weeks two and three oyster (4 
diploid and 4 triploid) were collected from the five treatment systems and processed as 
described for week one sampling.  Following week three sampling, a total of 115 oysters 
(59 diploid and 57 triploid) were collected from the three (3) oil-sediment treatment 
systems and gently rinsed with ASW to remove any sediment residual from the shell.  
The oil-contaminated diploid and triploid oysters were transferred to designated holding 
trays and placed in the depuration tank system.  A total of 43 oysters (23 diploid and 20 
triploid) from the sediment control treatment system were transferred into designated 
holding trays and placed into the water control treatment system.  The oysters were 
later sampled (4 per ploidy) on a weekly basis from week four to the end of the 7-week 
study.  Oyster mortality was checked daily and cumulative weekly mortality was 
calculated correcting for sampling according to Ragone Calvo et al.86.  Five diploid and 
five triploid oysters were collected at the end of each study for total lipid and glycogen 
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determination.  Methods to determine CI, total lipid, glycogen, and PAH concentrations 
in oysters are described below.   
Cumulative mortality of oysters exposed to oil-contaminated sediment, sediment 
control, and water control were compared with a Chi-squared analysis at one, three, 
and seven weeks. Oyster responses to oil and total PAHs concentration were analyzed 
with two-way analysis of variance (ANOVA) using SPSS statistical software.  In this 
design the first factor was ploidy and had two levels, diploid and triploid.  The second 
factor within the design was sediment treatment concentration and had three levels: 500 
ppm, 5000 ppm, and 25,000 ppm.  Physiological determinations (i.e. CI, lipid, and 
glycogen) were analyzed with a one-way ANOVA.  Least-square means with a Tukey 
adjustment were used following significant ANOVA results (P<0.05) to examine the 
differences among treatments.  Prior to statistical analysis data was tested for 
significant outliers, normality, and homogeneity of variance.  All data are presented as 
mean ± standard deviation. 
 
3.2.2 Sample Preparation 
The oyster tissue samples were extracted using a modified QuEChERS 
extraction procedure87.  For the modified QuEChERS extraction procedure, the 
following stepwise procedure was followed: (1) weigh 15.0 g ± 0.1 g of homogenized 
oyster tissue sample into a clean 50 ml Teflon centrifuge tube; (2) fortify tissue with a 
100 µl of 3.0 µg/ml working surrogate solution directly onto the oyster tissue matrix (20 
ng/g) and vortex for 2 minutes (min) @ 2,000 revolutions per minutes (rpm); (3) protect 
from UV light and let stand for 30 minutes; (4) add 15 ml of extraction solvent (30% 
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acetone, 30% MEK, and 40% CH) and vortex for 2 min @ 2,000 rpm; (5) add the 
contents of a Restek Q-sep QuEChERS AOAC 2007.01 extraction salts packet to 50-ml 
centrifuge tube, immediately shake for 1 min, then sonicate for approximately 4 minutes; 
(6) centrifuge the tube at 5,000 rpm for 5 min; (7) transfer 6.4 ml of the solvent extract to 
a Restek Q-sep Q351 dSPE 15-ml cleanup tube and vortex for 30 seconds; (8) 
centrifuge for 1 min at 6,000 rpm; (9) transfer 1 ml of the solvent extract to a 2-ml amber 
autosampler vial, add 5.0 µl of 2000 µg/ml internal standard solution, cap and store in 
4°C refrigerator until analysis.  One method blank was prepared per extraction batch (20 
samples) by using 15 g of deionized water in place of the tissue matrix.  PAH 
concentrations found in the method blanks were averaged and subtracted from sample 
results.  Multiple validation studies have been performed using similar procedures for 
the determination of PAHs in edible seafood38,39. 
 
3.2.3 GC-MS Analyses 
All calibration standards and samples were analyzed using an Agilent GC-MS 
system equipped with a 7890A GC and 5975C MS detector (Santa Clara, CA) operating 
in positive ion mode with electron impact ionization (70 eV).  Mass spectral data was 
acquired utilizing selective ion monitoring (SIM) mode and DB-5MS capillary column (30 
m length, 0.25 µm film thickness, 0.25 mm i.d., Agilent J&W).  The injection port was 
operated in the pulsed splitless mode, fitted with a 2 mm glass liner with deactivated 
glass wool, and delivered a 1-2 µl injection via an Agilent 7683B Series autosampler to 
an inlet maintained at 280 °C.  The chromatographic conditions were the following: He 
carrier gas constant flow 1.0 ml/min, the initial oven temperature was 70 °C, 2 min hold, 
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ramp to 280 °C at 6 °C/min, 3 min hold, and ramp to 300 °C at 3 °C/min for a final run 
time of 46.67 min.  Mass spectrometer transfer line, source, and quadruple temperature 
were 280 °C, 230 °C, and 150 °C, respectively.  PAH SIM quantitation and confirmation 
ion are shown in Table 2.1 along with retention times and percent relative standard 
deviation (% RSD).  The method detection limits for the individual PAHs ranged from 
0.5 to 2.0 ng/g (ppb). 
 
3.2.4 Quality Control 
  All biota and sediment samples were collected in triplicate or greater and all 
measurements were run in in triplicate for standards and samples.  PAH concentrations 
were calculated and expressed in µg/Kg dry weight.  The analytical blanks were 
processed in the same manner as the samples and concentrations were determined 
using standard solutions.  The surrogate recoveries for PAHs during these experiments 
were found to be between 82-103%; no samples were outside these limits. 
 
3.2.5 Statistical Analysis 
  Results of PAH concentrations, biochemical parameters, and water quality 
parameters were analyzed using SPSS 22.0 (SPSS INC., Chicago, IL) software.  T-test, 
one-way and two-way ANOVA were used to examine differences between spatial, 
temporal, and ploidy observations and PAH concentrations.  A significance level of 95% 




3.2.6 Condition Index 
Oysters were cleaned of any attached organisms.  After drying the shells with 
blotting paper, the whole weight was measured on an analytical balance before opening 
the shells.  Whole meat was removed, dried at 60°C for 48 h and then weighed to the 
nearest 0.01 g.  The shell was also recorded.  The condition index (CI) of the oyster was 
determined according to the following formula88: 
 
CI ൌ Drying	Weight ൈ 100Total	Weight െ Shell	Weight 
 
3.2.7 Glycogen Content 
The glycogen content was determined with the method described by Li89.  The 
gill, mantle and adductor tissues were removed separately and frozen in a -70°C 
freezer.  Before analysis, these tissues were ground into a fine powder using mortar and 
pestle. Each replicate sample consisted of three pooled animals. The results of 
glycogen measurements were expressed in mg per gram of tissue weight.  Briefly, 
freeze –dried oyster samples were suspended in a 60 ml volume of 30% KOH solution, 
and saponified by heating to 100°C for approximately 30 minutes.  After cooling, an 
aliquot of the saponified solution was treated with the cold 0.2% anthrone-sulfuric acid 
solution for 10 min, and then the absorbance of the resulting colored complex was 




3.2.8 Total Lipid Content 
The total lipid content was determined using the Smeded method90.  A 5.0±0.5 g 
portion of oyster tissue was homogenized in a Waring blender and weighed into a 50-ml 
centrifuge tube.  Approximately 8 ml of isopropanol and 10 ml of cyclohexane was then 
added to centrifuge tube and sample homogenized.  Approximately 7 ml of deionized 
water was added and the sample was homogenized again.  A centrifuge was used to 
separate the organic extract from the particulate material.  The organic extract was 
removed and placed in a pre-weighed flat-bottomed flask.  A second extraction was 
carried out using 25 ml of a 13% (v/v) isopropanol in cyclohexane solution.  Again, a 
centrifuge was used to separate solvent and particulate material.  The organic solvent 
from second extraction was combined with the first extract in the flask.  The sample was 
dried with a rotovap apparatus and the flask was placed in an oven (80°C ± 5°C) for 1 
hour.  The residual was weighed and the lipid content calculated. 
 
3.3 Results and Discussion  
3.3.1 Cumulative Mortality and Condition Index 
No significant difference in oyster mortality could be found between oil treatments 
after one, three, and seven weeks.  There was a statistically significant difference in CI 
between ploidy (diploid and triploid) as determined by one-way ANOVA (F (3, 16) = 
53.439, p < 0.0005). A Tukey post-hoc test revealed that the condition index was 
significantly lower for the summer diploids (6.96 ± 0.7) when compared to the summer 
triploids (10.0 ± 0.5, p < 0.0005), winter diploids (10.4 ± 0.53, p = < 0.0005), and winter 
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triploids (11.3 ± 0.55, p < 0.0005).  There were no statistically significant CI differences 
between the winter diploids and the winter triploids (p = 0.092) and summer triploids (p 
= 0.814).  Results for the condition index determinations are shown in Figure 3.3. 
 


















Figure 3.3  Condition index for diploid and triploid oysters at end of studies. 
 
3.3.2 Total Lipid Content 
There was a statistically significant difference in total lipid content between ploidy 
as determined by one-way ANOVA (F (3, 16) = 32.936, p < 0.0005). A Tukey post-hoc 
test revealed that the % total lipid content was significantly higher for the summer 
diploids (14.9 ± 0.86) when compared to the summer triploids (10.6 ± 0.58, p < 0.0005), 
winter diploids (9.6 ± 0.92), and winter triploids (10.6 ± 1.23, p < 0.0005).  There were 




(p = 1.000) and winter diploids (p = 0.337).  Also, there were no significant differences 
between the winter diploids and the summer triploids (p = 0.337).  Results for the total 
lipid content determinations are shown in Figure 3.4. 
 

























Figure 3.4  Total lipid content for diploid and triploid oysters at end of studies. 
 
3.3.3 Glycogen Content 
There was a statistically significant difference in glycogen content between ploidy 
as determined by one-way ANOVA (F (3, 16) = 349.284, p < 0.0005).  A Tukey post-hoc 
test revealed that the % glycogen content was significantly lower for the summer 
diploids (3.91 ± 0.81) when compared to the summer triploids (24.3 ± 1.62, p < 0.0005), 
winter diploids (27.7 ± 1.87, p = < 0.0005), and winter triploids (28.5 ± 1.10, p < 0.0005).  
Additionally, the statistical analysis showed that the glycogen content was significantly 
lower for the summer triploids when compared to the winter triploids (p <0.001) and 
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winter diploids (p < 0.007).  There were no statistically significant glycogen differences 
between the winter diploids and the winter triploids (p = 0.649).  Results for the 
glycogen content determinations are shown in Figure 3.5. 
 
 
Figure 3.5  Glycogen content of diploid and triploid oysters at end of studies. 
 
3.3.4 PAH Concentration in Oysters 
A two-way ANOVA of the diploid and triploid oyster results from the summer 
study indicated there were statistically significant between the effects of ploidy and 
treatment levels on the PAH concentration (p< 0.0005).  The summer diploid oysters 
had maximum average total PAH concentrations of 403, 1380, and 1956 ng/g for the 
500, 5000, and 25000 ppm sediment treatments, respectively.  The summer triploid 
oysters had maximum average total PAH concentrations of 564, 2005, and 2912 ng/g 
for the 500, 5000, and 25,000 ppm sediment treatments, respectively.  The winter 
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diploid oysters had maximum average total PAH concentrations of 531, 1812, and 2781 
ng/g for the 500, 5000, and 25000 ppm sediment treatments, respectively.  The winter 
triploid oysters had maximum average total PAH concentrations of 598, 2099, and 3094 
ng/g for the 500, 5000, and 25000 ppm sediment treatments, respectively.  Results 
show there was a significant increase of 40.0%, 45.3%, and 48.9% in total PAH content 
between the summer diploid and triploid oysters with the 500, 5000, and 25000 ppm 
exposure treatments, respectively.  There was a 31.3%-58.2% increase in total PAH 
content between the summer diploid oysters and remaining seasonal treatments (winter 
diploid and triploid) over the exposed oil treatment range (500, 5000, and 25000 ppm). 
A comparison of the summer and winter triploids showed there was no significant 
interaction between the effects of ploidy and treatment levels on the PAH concentration 
in triploid oysters (p=0.814).  A statistical analysis of the winter diploid and triploid study 
indicated there was no significant interaction between the effects of ploidy and 
treatment levels on the PAH concentration in triploid oysters (p=0.742).  A comparison 
of the winter and summer diploid oyster concentrations showed there was a statistically 
significant interaction between the effects of ploidy and treatment levels on PAH 
concentrations in diploid oysters (p= 0.001).  The tPAH burden in the diploid and triploid 
oysters reached their maximum levels approximately two weeks after exposure and 
decreased exponentially till the end of the 7-week studies.  During the summer study 
the average tPAH half-life for diploid and triploid oysters were 4.7 and 4.4 weeks, 
respectively.  The average tPAH half-life for both the diploid and triploid oysters during 
the winter study was 4.2 weeks.  Statistical analysis of the tPAH half-lives of the diploid 
and triploid oysters indicated there was no significance difference between the summer 
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and winter seasons.  Results for the PAH determinations are shown in Figures 3.6 and 
3.7.  Beginning of depuration period is indicated by a vertical dashed line.  It should be 
noted that water and sediment control lines overlap on graphs. 
The results of the mesocosm studies have shown uptake and bioaccumulation of 
petroleum-based PAHs into all treatment tank systems.  It can be seen that uptake and 
bioaccumulation of PAHs can be a complex process that is more than simply dietary 
ingestion of contaminated sediment.  The bioaccumulation and depuration of 
hydrophobic contaminants by marine bivalves can vary significantly depending on a 
wide range of variables including seasonal effect (temporal changes in both 
physiological response and feeding patterns), behavioral patterns, sexual condition, 
water temperature, and length of contaminant exposure91. 
This study provides useful information on the relationship between oyster ploidy 
and the seasonal uptake and depuration rates of the Eastern oysters exposed to SLC 
oil under laboratory conditions.  The relationship between seasonal temperature 
variations and oyster ploidy suggest that triploid oysters may be a more suitable 
bioindicator of PAH contamination during the natural oyster spawning season, typically 
between the months of May through August.  Lack of reliability in diploid oysters is due 
to the physiological changes encountered during spawning season and change in 
nutrient/feeding patterns associated with the summer months.  Seasonal trends in PAH 
concentrations have been well documented during in-situ studies92,93,94 and are clearly 
seen in this mesocosm study.  The significant increase in lipid and decrease in glycogen 
content95  within the diploid oysters during the summer study clearly indicates that the 









































































Figure 3.6  Total PAH concentrations in (A) diploid and (B) triploid oysters for individual 









































































Figure 3.7  Total PAH concentrations in (A) diploid and (B) triploid oysters for individual 
treatments during winter study. 
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spawning, diploid oysters may undergo a secondary spawning.  The elevated lipid 
levels in the summer diploid oysters most likely associated with this secondary 
spawning.  As a consequence of biochemical replacement during reproduction, the lipid 
content of diploid oysters varied from 7.8 to 9.2 % of total tissue dry weight during the 
spawning season. The results from the study indicated there was no seasonal variation 
in the total PAH a concentration within the triploid oysters.  The total PAH 
concentrations within the winter diploid oysters were not significantly different (p = 
0.138) than the concentrations recorded for both the summer and winter triploid oysters.  
Many studies have shown how caged diploid bivalves can be used to demonstrate 
short-term contaminant trends, temporal and spatial variability, and dose-response 
relationships 30,96,97.  However, this study has demonstrated the usefulness and 
versatility of caged triploid oysters as an effective tool for assessing exposure and 
effects in a variety of marine environments.  A summary of the tabulated PAH results for 
the seasonal oil exposure studies (Tables A.7 & A.10) are located in the appendix. 
3.4 Conclusions 
  The bioaccumulation of oil-related PAHs was characterized in diploid and triploid 
Eastern oyster (Crassostrea virginica) in a laboratory mesocosm study and their response 
to seasonal temperature variations was determined.  The bioaccumulation and depuration 
of PAHs is similar for all triploid oysters (winter and summer) and winter diploid oysters.  
However, PAH concentrations within the summer diploids were significantly lower in 
comparison to the triploid and winter diploid oysters.  The decrease in PAH concentrations 
can be attributed to physiological and behavioral changes induced by the spawning 
process.  The results support the research hypothesis, indicating that triploid Eastern 
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oysters are more effective than diploid Eastern oysters for biomonitoring PAH uptake in 
the summer months during short-term laboratory exposure studies.  This study has clearly 
shown the triploid Eastern oyster to be a suitable bioindicator organism for short-term 





















CHAPTER 4. POLYCYCLIC AROMATIC HYDROCARBONS IN SEDIMENT AND 
CAGED EASTERN OYSTERS (CRASSOSTREA VIRGINICA) FROM THE 
BARATARIA BAY REGION: USE OF TRIPLOID OYSTERS AS A TOOL TO ASSESS 
OIL SPILL IMPACTS 
 
4.1 Introduction 
  Polycyclic aromatic hydrocarbons (PAHs) are widespread chemical pollutants 
that are introduced into the aquatic environment from a number of sources.  They can 
originate as a product of pyrolysis, distributed by biogenic sources, or released to the 
environment as a result of oil spills or natural seeps (petrogenic).  The Deepwater 
Horizon oil spill began on 20 April 2010 in the Gulf of Mexico on the BP-operated 
Macondo Prospect.  It claimed eleven lives and is considered the largest accidental 
marine oil spill in the history of the petroleum industry.   Following the explosion and 
sinking of the Deepwater Horizon oil rig, a sea-floor oil gusher flowed for 87 days, until it 
was capped on 15 July 2010.  The U.S. Government estimated the total discharge at 
4.9 million barrels (210 million U.S. gal; 780,000 m3)98.  In July, tar balls reached Grand 
Isle and the shores of Lake Pontchartrain.  In September a new wave of oil suddenly 
coated 16 miles (26 km) of Louisiana coastline and marshes west of the Mississippi 
River in Plaquemines Parish125.  As of July 2011, about 491 miles (790 km) of coastline 
in Louisiana, Mississippi, Alabama and Florida were contaminated by oil and a total of 
1,074 miles (1,728 km) had been oiled since the spill began. As of December 2012, 339 
miles (546 km) of coastline remain subject to evaluation and/or cleanup operations99.  
The Bay Jimmy area was reported as having received a significant amount of oil from 




  The analysis of PAH concentrations in sediments can give information on overall 
contamination levels, but is unable to predict the PAH fraction that is available to the 
surrounding biota.  The dissolved fraction of spilled petroleum (i.e. low molecular weight 
PAHs) is readily available to filter-feeding bivalves, but because of their low water 
solubility and volatility100 determination of their concentrations in water is sometimes 
difficult.  The bioavailability of sediment-associated hydrocarbons on multiple chemical 
physio-chemical properties, sediment characteristics, and characteristics of the 
indigenous biota101.  The primary characteristic governing sediment associated 
compound bioaccumulation is the hydrophobic characteristic of the organic compound.  
The lowest molecular weight and higher water soluble chemical compounds are the 
most bioavailable, entering the biotic system through respiration and direct exposure102.  
Sediment total organic content, grain-size distribution, interstitial water, sediment 
weathering, and petrogenic/pyrogenic origin are just a few of the environmental 
parameters influencing contaminant bioavailability in the environment103,104.  In addition, 
elevated water turbidity, location of organism in the water column, and mode of feeding 
have been shown to influence exposure of organisms to pollutants in aquatic 
ecosystems105,106.  Satellite imagery studies have shown there is a strong correlation 
between elevated turbidity levels in estuaries and large-scale meteorological events (i.e. 
tropical storms and hurricanes)107,108. 
  Oysters are filter-feeding bivalves and as such are exposed to chemical 
pollutants that are either water soluble or adsorbed on sediment or suspended particles.  
The two major routes of pollution uptake are direct uptake of the water-solubilized PAH 
fraction (e.g. benzene, toluene, ethyl benzene, and xylenes) via the gills, and indirect 
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absorption of the fine grain-size fraction of the sediment or suspended particles (i.e. 
suspended solids) and the assimilation of PAHs through the digestive tract109.  Bivalves 
are widely used as indicators to assess the bioavailability of contaminants because of 
their ability to accumulate organic and inorganic contaminants in their tissues at 
concentrations many times higher than those in the surrounding environment.  For this 
reason, contaminant concentrations in bivalve tissues more accurately reflect the 
magnitude of environmental contamination110.  Environmental contaminant 
concentrations and accumulation in bivalves are influenced by many bio-physiological 
factors, including sampling season, condition index, sex, changes in tissue composition, 
and reproductive cycle of the selected organism111.  Seasonal variations in metal 
concentrations have been related to seasonal changes in tissue mass during the 
development of gonadal organs (i.e. spawning)112.  Triploid (3n) oysters have three sets 
of chromosomes rather than two sets like a wild organism, which are diploid (2n). 
Triploid organisms are sterile, which means they do not put energy into reproduction. 
The energy not used for reproduction results in faster growth rates, while maintaining 
stable biochemical composition (e.g. lipid, glycogen, and protein) throughout the year.  
  Contamination monitoring programs, such as the U.S. Mussel Watch and 
European Oslo and Paris Commissions (OSPAR), were developed to estimate the 
degree of pollution of selected areas and the processes controlling the inputs, fates, and 
biological effects of these environmental contaminants113.  Bivalves concentrate many 
organic pollutants, making trace-level contaminants easily detected in their tissues 
using modern analytical techniques.  However, such monitoring programs can only be 
utilized if bivalves are present in the areas to be studied.  If not, caging technology, 
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where bivalves are placed in cages positioned in selected locations, has to be used.  
Monitoring pollutant contamination with caged organisms is an evolving technology in 
the U.S. and European nations114,115,116. 
 The present study is focused on sediment and caged oysters (diploid and triploid) 
located in the northern Barataria Bay, Louisiana region.  Although numerous studies 
have published and documented PAH levels in sediments and bivalves (indigenous and 
caged) following oil spill events10,15,20, to my knowledge, the present study is the first to 
detail PAH bioaccumulation and temporal variations using diploid and triploid oysters in 
the experimental design.  Caged diploid and triploid oysters were placed in various sites 
near Bay Jimmy and Grand Isle, Louisiana.  Oysters and sediment were sampled (7 
sampling events) over a 15-month period and analyzed for PAH content. In addition, 
numerous water and field parameters were measured during the sampling events.   
Sediments were sampled to quantify PAHs and to estimate contamination levels in the 
different sites as well as to confirm the origins of the contamination.  Bivalve samples 
were analyzed to determine PAH content in tissues and determine bioaccumulation 
factors for total PAHs (oyster PAH concentration divided by the sediment PAH 
concentration).  The main objectives of this study are to investigate PAH contamination 
in Eastern oysters (diploid and triploid) throughout an entire reproductive cycle and 
determine sediment and bivalve contamination levels at multiple sites within the 
Barataria Bay estuary system.  The investigator will attempt to determine if there is a 
difference in PAH uptake and depuration in oysters (diploid vs. triploid) with variations in 




4.2 Material and methods 
4.2.1 Study Site  
 Located in the southeast quadrant of Louisiana, directly south of the city of New 
Orleans, Barataria Bay (Figure 4.1) is an asymmetrically shaped shallow estuary with a 
horizontal dimension of approximately 50 x 50 km.  It is bound on the east by the 
Mississippi River and the old Mississippi River ridge on the west. The bay has multiple 
tidal inlets connecting with the coastal waters of Louisiana Bight.  Barataria Pass is one 
of the freshwater outlets from Barataria Bay, located between the Grand Isle and Grand 
Terre Island with a width of approximately 600 m.  The predominant source of 
freshwater into the basin is Mississippi River water through the man-made Davis Pond 
Diversion facility, which has a maximum capacity of about 250 m3/s.  Overall, the bay 
has an average depth of 2 m.  The main entrance to Barataria Bay (Barataria Pass) has 
an average depth of slightly greater than 20 m.  Tide in the Barataria region is microtidal 
with a maximum tidal range of approximately 0.6 m.   
 The Deepwater Horizon oil spill resulted in heavy oiling conditions in the salt 
marshes of Northern Barataria Bay, including portions of Bay Jimmy, Bay Batiste, 
Wilkinson Bay, St. Mary’s Point, and vicinity. Due to the degree and nature of oiling in 
these areas, traditional marsh treatment methods, including natural attenuation, did not 
appear to be effective for the most heavily oiled shorelines. In addition, there was 
concern that long-term oiled marsh recovery could be at risk without some form of 
intervention. There was also the competing concern that cleanup in the marshes could 
cause further damage, delaying or limiting oiled marsh recovery, as has often been 
observed following previous oil spills. Due to these multiple factors, a series of marsh 
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treatment field tests was conducted followed by periodic monitoring, leading to an 
operational-scale Shoreline Treatment Recommendation (STR).  The STR was 
scheduled to be completed over a seven-month period, but federal authorities 
determined it would be beneficial for the site to remain undisturbed and allow 
researchers to study the oiled site over time117. 
  Oyster cages (Chesapeake Bay Oyster Company, Wake, VA) were constructed 
of heavy gauge wire coated with high density polypropylene to prevent salt water 
erosion (Figure 4.2).  Individual cages were approximately 80 cm long, 80 cm wide, and 
15 cm deep.  Diploid Crassostrea virginica were purchased from a wholesale oyster 
distributor located in Houma, Louisiana and harvested from an oyster lease located 
within Caillou “Sister” Lake.  Triploid Crassostrea virginica were donated by Dr. John 
Supan and collected from the Sea Grant Oyster Hatchery, located in Grand Isle, 
Louisiana.  Approximately 35 diploid and 35 triploid oysters were allocated to each cage 
and one cage was then placed in each of the six sites in June 2011.  The weighted 
cages were elevated approximately 3-4” off the soft sediment with wooden braces and 
secured to a 2” support pipe via a stainless steel chain.  Sediment and biota samples 
were collected at five sites in the Bay Jimmy (BJ) area and one site near the Sea Grant 
Oyster Hatchery on Grand Isle (GI).  Additional sites were established in Bay Batiste 
and Sansbois but were either vandalized or lost to excessive sediment load (TS Lee) 




Figure 4.1  Location of Bay Jimmy sites within northern Barataria Bay Estuary. 
 
                      Oiled Shoreline 
   Sample Site 
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4.2.2 Sample collection 
 Samples were collected on 07 July 2011, 16 September 2011, 21 November 
2011, 28 February 2012, 30 May 2012, 23 August 2012, and 07 September 2012.  To 
simplify identification, sample collection dates are identified by month and year within 
this document.  Site sediment characteristics and coordinates are shown in Table 4.1.  
Triplicate sediment samples were collected from the individual sites with a hand auger 
during each sampling event.  Approximately 30 diploid and 30 triploid oysters were 
collected from the individual sites during each sampling event.  In addition to sediment 
and biota, the investigator collected water and field measurements at the Bay Jimmy 
(sites 1-5) and Grand Isle (site 6) locations.  Sampling was performed on the same day 
at all six sites to avoid possible variations in PAH content due to weather conditions.  
Sediment samples were placed in 125-ml amber glass jars and transferred in an ice 
chest to the laboratory.  Sediment samples were frozen at 0°C after arriving at the 
laboratory.  Biota samples were collected in triplicate and hand rinsed with clean 
seawater at the point of collection.  The samples where then placed in individual clean 
plastic bags and transferred in an ice chest to the laboratory.  Once at the laboratory, 
oyster tissue and shell were separated and rinsed with deionized water and dried with a 
clean paper towel.  Tissue and shell weight were measured and recorded.  Tissue 
samples were placed in clean plastic bags and frozen at -70°C until sample preparation. 
 
4.2.3 Chemicals 
A stock solution of 33 parent PAHs and substituted PAHs (2000 µg/ml) was 




Figure 4.2  Oyster cages used during the field study118. 
 





1 Bay Jimmy 29°26'29.16" N    89°54'09.55" W Medium silt Silt
2 Bay Jimmy 29°26'36.93" N    89°53'14.08" W Medium silt Silt
3 Bay Jimmy 29°26'27.98" N    89°54'09.22" W Coarse silt Silt
4 Bay Jimmy 29°26'08.85" N    89°54'01.60" W Coarse silt Silt
5 Bay Jimmy 29°26'04.87" N    89°52'49.74" W Coarse silt Silt









mixes, and multiple individual PAH standards to volume with 50% Acetone/50% 
Dichloromethane.  The instrument calibration standards were purchased from Absolute 
Standards, Inc. (Hamden, CT) and AccuStandard (New Haven, CT).  A stock internal 
standard (ISTD) solution (1000 µg/ml) containing five isotope-labeled standards was 
purchased from AccuStandard.  A stock surrogate standard (SS) solution (2000 µg/ml) 
containing five isotope-labeled standards was purchased from Absolute Standards, Inc.  
Approximately 100 µl of a 3.0 µg/ml surrogate working solution was added to each 
sample (20 ng/g) prior to extraction.  An instrument calibration curve (10, 5.0, 2.5, 1.0, 
0.25, and 0.10 µg/ml) of the parent and substituted PAHs was prepared by combining 
the stock PAH spiking solution and the surrogate standard solution in 50% acetone/50% 
dichloromethane and storing in a chemical refrigerator at 4°C.  Approximately 5 µl of the 
stock ISTD solution was added to each calibration standard and sample prior to 
analysis.  High purity Optima (>99.8 purity) acetone (ACE) and pesticide grade 
cyclohexane (CH) and dichloromethane (DCM) were purchased from Fisher Scientific 
(Pittsburg, PA) and used throughout the study.  HPLC grade (>99.9% purity) methyl 
ethyl ketone (MEK) was purchased from Sigma Aldrich (St. Louis, MO).  Ultra-pure 
water was supplied by a Thermo Barnstead MicroPure water purification system 
(Dubuque, IA).   
  Commercially available Q-sep QuEChERS AOAC 2007.01 extraction salts (6 g of 
magnesium sulfate and 1.5 g of sodium acetate per packet) and AOAC 2007.01 sample 
dispersive SPE tubes (1200 mg of magnesium sulfate, 400 mg of primary secondary 
amines, and 400 mg of C18 per tube) were obtained from Restek Corporation 
(Bellefonte, PA).  Thermo Scientific Nalgene Oak Ridge round-bottom 50-ml centrifuge 
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tubes were purchased from Cole-Parmer (Vernon Hills, IL).  A Qsonica Q700 sonicator 
(Atkinson, NH)) equipped with a ¾” horn was used for the low concentration sediment 
extraction method. 
 
4.2.4 Water Quality Analysis 
  During each biota and sediment sampling event, water quality measurements 
were recorded (triplicate) in the vicinity of the Bay Jimmy and Grand Isle sampling 
locations.  Water temperature, specific conductance, salinity, dissolved oxygen (DO), 
and pH were measured using the YSI model 556 multiparameter meter (Yellow Springs, 
OH).  Turbidity was measured using the Hach 2100P portable turbidimeter (Loveland, 
CO).   
 
4.2.5 Total Organic Carbon (TOC) Analysis 
 A single TOC sample was collected from each individual site (sites 1-6) during 
the seven sampling events.  All glassware and ceramic ware used in sample processing 
were combusted at 400°C for at least 4 hours.  Samples remained frozen at 0°C until 
processing. Sediment samples were thawed and homogenized.  The sample was dried 
in an oven at 40°C. A portion of sample was removed, ground and homogenized.  An 
aliquot of dried, homogenized sample was placed in an aluminum-weighing pan and 
dried at 105°C.  The LECO CR-412 Carbon Analyzer (St. Joseph, MI) was calibrated 
prior to the analysis of samples.  Different amounts of high purity calcium carbonate 
standard (99.95% purity, carbon content of 12.0%) were used to calibrate the 
instrument.  The approximate amounts of calcium carbonate used for the six-point 
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calibration were; 0.01 g, 0.05 g, 0.10 g, 0.25 g and 0.50 g.  An empty carbon-free 
combustion boat was analyzed as a blank for the calibration curve.  The calibration 
curve provided an analysis range of approximately 0.0 to 0.06 g total carbon.  Each 
calibration standard must fall within 3% of the known percent carbon value to meet 
acceptance criteria.  A continuing calibration check standard (mid-level standard) was 
analyzed every ten samples and must be within 5% of the known value of the standard.  
Total carbon was analyzed by placing approximately 0.350 g of dried, ground and 
homogenized sample into a clean, carbon-free combustion boat.  The sample boat was 
placed on the autosampler rack assembly and loaded onto the LECO carbon analyzer.  
Total organic carbon was analyzed by placing approximately 0.350 g of dried, ground 
and homogenized sample into a clean, carbon-free combustion boat.  Each sample boat 
was treated with phosphoric acid drop by drop until the sample stopped “bubbling” and 
the sample was completely moist with acid.  The sample was placed into an oven set at 
40°C for 24 hours and then transferred to an oven set at 105°C.  Once the sample was 
dry, the boat was placed on the autosampler rack assembly and loaded onto the LECO 
carbon analyzer. 
 
4.2.6 Total Lipid Content 
The total lipid content was determined using the Smeded method119.  A 5.0±0.5 g 
portion of oyster tissue was homogenized in a Waring blender and weighed into a 50-ml 
centrifuge tube.  Approximately 8 ml of isopropanol and 10 ml of cyclohexane was then 
added to centrifuge tube and sample homogenized.  Approximately 7 ml of deionized 
water was added and the sample was homogenized again.  A centrifuge was used to 
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separate the organic extract from the particulate material.  The organic extract was 
removed and placed in a pre-weighed flat-bottomed flask.  A second extraction was 
carried out using 25 ml of a 13% (v/v) isopropanol in cyclohexane solution.  Again, a 
centrifuge was used to separate solvent and particulate material.  The organic solvent 
from second extraction was combined with the first extract in the flask.  The sample was 
dried with a rotovap apparatus and the flask was placed in an oven (80°C ± 5°C) for 1 
hour.  The residual was weighed and the lipid content calculated. 
 
4.2.7 Sample Preparation for Chemical Analysis 
4.2.7.1 Biota 
  The oyster tissue samples were extracted using a modified QuEChERS 
extraction procedure (AOAC official 2007.01 method).  For the modified QuEChERS 
extraction procedure, the following stepwise procedure was followed: (1) weigh 15.0 g ± 
0.1 g of homogenized oyster tissue sample into a clean 50 ml Teflon centrifuge tube; (2) 
fortify tissue with a 100 µl of 3.0 µg/ml working surrogate solution directly onto the 
oyster tissue matrix (20 ng/g) and vortex for 2 minutes (min) @ 2,000 revolutions per 
minutes (rpm); (3) protect from UV light and let stand for 30 minutes; (4) add 15 ml of 
extraction solvent (30% ACE, 30% MEK, and 40% CH) and vortex for 2 min @ 2,000 
rpm; (5) add the contents of a Restek Q-sep QuEChERS AOAC 2007.01 extraction 
salts packet to 50-ml centrifuge tube, immediately shake for 1 min, then sonicate for 
approximately 4 minutes; (6) centrifuge the tube at 5,000 rpm for 5 min; (7) transfer 6.4 
ml of the solvent extract to a Restek Q-sep Q351 dSPE 15-ml cleanup tube and vortex 
for 30 seconds; (8) centrifuge for 1 min at 6,000 rpm; (9) transfer 1 ml of the solvent 
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extract to a 2-ml amber autosampler vial, add 5.0 µl of 2000 µg/ml internal standard 
solution, cap and store in 4°C refrigerator until analysis.  One method blank was 
prepared per extraction batch (20 samples) by using 15 g of deionized water in place of 
the tissue matrix.  PAH concentrations found in the method blanks were averaged and 
subtracted from sample results.   
 
4.2.7.2 Sediment 
  Sediment samples were prepared and extracted according to EPA method 
3550C120.  Approximately 30±0.1 g of sample was placed in a 400-ml beaker and spiked 
with 1.0 ml of surrogate standard solution (20 µg/ml).  Anhydrous sodium sulfate was 
added and mixed with the sediment sample until a free-flowing sandy texture was 
achieved.  Immediately following mixing, a 100 ml volume of 1:1 acetone: 
dichloromethane extraction solution was added to the beaker.  The ¾” disruptor horn 
was placed approximately ½” below the surface of the solvent, but above the sediment 
layer.  The sample was extracted for 3 min, with output set at full power on pulse mode 
at 50% duty cycle (energy on 50% of time and off 50% of time).  The extract was filtered 
through a glass funnel lined with Whatman No. 41 filter paper into a clean 500-ml flat-
bottomed flask.  If water was observed in the solvent extract, anhydrous sodium sulfate 
should be added to the glass funnel prior to filtering.  The extraction process was 
repeated two more times with additional 100-ml portions of clean solvent.  The 500-ml 
flat-bottomed flask was placed on a Buchi rotavapor R-210 (Flawil, Switzerland) and 
solvent extract concentrated to approximately 5-8 ml volume.  The solvent extract was 
transferred to a 15-ml graduated centrifuge tube and concentrated to a final volume of 1 
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ml using a nitrogen blow-down system (Phoenix Scientific N-Evap, Bangkok, Thailand).  
The 1-ml final extract was transferred to a 2-ml amber autosampler vial, spiked with 5.0 
µl of 2000 µg/ml internal standard solution, and capped and stored in a 4°C refrigerator 
until analysis.  One method blank was prepared per extraction batch (20 samples) by 
using 15 g of cleaned sand in place of the sediment matrix.  PAH concentrations found 
in the method blanks were averaged and subtracted from sample results.   
 
4.2.8 GC-MS Analyses 
All calibration standards and samples were analyzed using an Agilent GC-MS 
system equipped with a 7890A GC and 5975C MS detector (Santa Clara, CA) operating 
in positive ion mode with electron impact ionization (70 eV).  Mass spectral data was 
acquired utilizing selective ion monitoring (SIM) and DB-5MS capillary column (30 m 
length, 0.25 µm film thickness, 0.25 mm i.d., Agilent J&W).  The injection port was 
operated in the pulsed splitless mode, fitted with a 2 mm glass liner with deactivated 
glass wool, and delivered a 1-2 µl injection via an Agilent 7683B Series autosampler to 
an inlet maintained at 280 °C.  The chromatographic conditions were the following: He 
carrier gas constant flow 1.0 ml/min, the initial oven temperature was 70 °C, 2 min hold, 
ramp to 280 °C at 6 °C/min, 3 min hold, and ramp to 300 °C at 3 °C/min for a final run 
time of 46.67 min.  Mass spectrometer transfer line, source, and quadruple temperature 
were 280 °C, 230 °C, and 150 °C, respectively.  PAH SIM quantitation and confirmation 
ion are shown in table 2-1 along with retention times and percent relative standard 
deviation (% RSD).  The method detection limits for the individual PAHs ranged from 
0.5 to 2.0 ng/g (ppb). 
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4.2.9 Quality Control 
  All biota and sediment samples were collected in triplicate and all measurements  
were run in in triplicate for standards and samples.  PAH concentrations were calculated 
and expressed in µg/Kg dry weight.  The analytical blanks were processed in the same 
manner as the samples and concentrations were determined using standard solutions.  
The surrogate recoveries for PAHs during these experiments were found to be between 
82-103%; no samples were outside these limits. 
 
4.2.10 Statistical Analysis 
  Results of PAH concentrations, biochemical parameters, and water quality 
parameters were analyzed using SPSS 22.0 (SPSS INC., Chicago, IL) software.  T-test, 
one-way and two-way ANOVA, and Pearson correlation coefficients were used to 
examine differences between spatial, temporal, and ploidy observations and PAH 
concentrations.  A significance level of 95% was used.  
 
4.3 Results and Discussion 
4.3.1 Water Quality  
 The system-wide mean (±SD) water temperature was 25.5 ± 4.9°C.  The highest 
and lowest observed water temperatures were 30.2°C at the GI site on July 2011 and 
13.7°C at the BJ site on February 2012, respectively (Figure 4.3).  There was no 
difference in mean (±SD) water temperature between the BJ and GI sites.  Among 
sampling dates, there was significant differences (p<0.05) between the winter sampling 
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events (November 2011 and February 2012) and the remaining dates.  The system-
wide mean (±SD) salinity for the sampling period was 15.4 ± 7.2 (Figure 4.4).  The 
lowest and highest salinity observed were 2.8 at the BJ site on February 2012 and 27.1 
at the GI site on November 2011, respectively.  There was a significant difference 
(p<0.05) in mean (±SD) salinity between the BJ and GI sites during the sampling period.  
Among sampling dates, there was significant differences (p<0.05) in salinity between all 
sampling dates at both sites.  The system-wide mean (±SD) specific conductance 
(µS/cm) for the sampling period was 25282 ± 11011 (Figure 4.5).  The lowest and 
highest salinity observed were 5069 µS/cm at the BJ site on February 2012 and 41600 
µS/cm at the GI site on November 2011, respectively.  There was a significant 
difference (p<0.05) in mean (±SD) salinity between the BJ and GI sites during the 
sampling period.  Among sampling dates, there was significant differences (p<0.05) in 
salinity between all sampling dates at both sites.  The system-wide mean (±SD) 
dissolved oxygen (mg/L) for the sampling period was 4.7 ± 0.9 (Figure 4.6).  The lowest 
and highest dissolved oxygen observed were 3.0 at the GI site on July 2011 and 6.6 at 
the BJ site on May 2012, respectively.  There was no difference in mean (±SD) 
dissolved oxygen between the BJ and GI sites.  Among sampling dates, there was 
significant differences (p<0.05) between the sampling event on May 2012 and the 
remaining dates.  The system-wide mean (±SD) pH for the sampling period was 6.9 ± 
0.4 (Figure 4.7).  The lowest and highest pH observed were 7.5 at the GI site on 30 May 
2012 and 6.1 at the BJ site on August 2011, respectively. There was no difference in 
mean (±SD) pH between the BJ and GI sites or among the sampling dates.  The 
system-wide mean (±SD) turbidity (NTU) was 181 ± 63.2.  The lowest and highest 
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observed turbidity were 313 NTU at the BJ site on September 2012 and 87.3 NTU at 
the GI site on February 2012, respectively (Figure 4.8).  There was a significant 
difference (p<0.05) in mean (±SD) turbidity between the BJ and GI sites.  Among 
sampling dates, there was significant differences (p<0.05) between the storm-related 
sampling events (September 2011, August 2012, and September 2012) and the 
remaining dates. A summary of water quality field results for Bay Jimmy and Grand Isle 
sites (Tables A.11) is located in the appendix. 
 There was a strong correlation (r = 0.992) between the salinity and specific 
conductance within the Bay Jimmy and Grand Isle sampling locations, as noted by the 
Pearson correlation results.  This is expected since specific conductivity is an indirect 
measurement of salinity and NA+ and Cl- are the predominant ions in natural seawater.  
Change in salinity levels coincide with Louisiana’s typical precipitation cycle, low rainfall 
in the winter months (September-January) with increased rainfall occurring during the 
spring and early summer months (February-June).  Above average turbidity readings 
were recorded at both BJ and GI sites during the September 2011, August 2012, and 
September 2012 sampling events.  The elevated turbidity at the Bay Jimmy sites was 
attributed to the excessive hydraulic energy and resulting marsh erosion produced by 
Tropical Storm Lee (04 September 2011) and Hurricane Isaac (29 August 2012).  The 
turbidity measured at the Grand Isle site was elevated above the site average but was 
not effected as much as the Bay Jimmy locations due to its protective location on the 




























Figure 4.3 Mean (±SD) temperature of Bay Jimmy and Grand Isle sites for the sampling 
period. Dashed line represents the overall mean temperature for the sampling period.  
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Figure 4.4  Mean (±SD) salinity of Bay Jimmy and Grand Isle sites for the sampling 




























Figure 4.5  Mean (±SD) specific conductance of Bay Jimmy and Grand Isle sites for the 

























Figure 4.6  Mean (±SD) dissolve oxygen of Bay Jimmy and Grand Isle sites for the 
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Figure 4.7  Mean (±SD) pH of Bay Jimmy and Grand Isle sites for the sampling period. 
Dashed line represents the overall mean temperature for the sampling period. 
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Figure 4.8  Mean (±SD) turbidity of Bay Jimmy and Grand Isle sites for the sampling 




4.3.2 PAH Levels in the Sediments of Barataria Bay Sites 
 The PAH distribution between the two Barataria Bay sites (Bay Jimmy and Grand 
Isle) is very dissimilar.  The Bay Jimmy location mean (±SD) sediment PAH 
concentration (µg/Kg) for the sampling period was 438 ± 113 µg/Kg.  The surface 
sediments present a wide range of total target PAH concentrations, ranging from 234 to 
734 µg/Kg of dry matrix for the 7 sampling events (Figure 4.9).  PAH contamination 
levels comparable to the Bay Jimmy sites were measure in 2010 and 2011121, following 
the Deepwater Horizon spill, for sediment samples collected at nearby locations in 
Louisiana and Mississippi.   The Grand Isle location mean (±SD) sediment PAH 
concentration (µg/Kg) for the sampling period was 60.9 ± 6.81 µg/Kg.  The total target 
PAH concentrations of surface sediments for the GI site are significantly lower than the 
BJ sites, ranging from 75.7 to 47.9 µg/Kg of dry matrix for the 7 sampling events (Figure 
4.9).  This lower contamination level may be partly due to the mixing of Barataria Bay 
waters and Gulf of Mexico sea water, leading to dilution of the contamination. In 
addition, the coarse silty fine sands characteristic of the barrier island are known to 
accumulate hydrophobic contaminants to a lesser extent than the silty mud sediments 
found in Bay Jimmy.122  The average water content (% moisture) in the sediments from 
the Bay Jimmy and Grand Isle sites for the sampling period were 63.2 ± 6.8% and 43.7 
± 8.6%, respectively.  The summaries of the tabulated PAH results for the sediments 
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Figure 4.9  Total target PAH concentrations in sediments at the Bay Jimmy and Grand Isle sites for the sampling period. 
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4.3.3 Origins of the Sediment Contamination in Barataria Bay 
 There are three main processes by which PAHs are generated: (1) combustion of 
organic matter at extremely high temperatures; (2) release of naturally occurring 
petroleum; or (3) biogenic processes123.  Crude oils from various regions or geological 
fields differ in the plant and animal source materials, as well as the time, temperature, 
and pressure conditions that occurred during formation. Therefore, each crude oil has a 
unique molecular pattern or fingerprint that can potentially be determined using 
biomarkers. Petroleum biomarkers are “molecular fossils”; they are complex 
hydrocarbon molecules that retain a remarkable structural similarity to the original 
natural product formed from dead organisms in the source rock. Due to variations in 
geologic formations and conditions, each crude oil would exhibit a unique set of hopane 
(m/z 191) and sterane (m/z 217) biomarker ‘‘fingerprints’’.  These biomarkers, which are  
highly resistant to weathering and degradation, are utilized by environmental forensic 
chemists to fingerprint crude oils, providing valuable information when evaluating source 
oils, weathered oils, and tarball source identification.  Also, the parent PAH patterns 
generated by each petroleum source make it possible for scientist to “fingerprint” or 
determine the process (i.e. pyrogenic or petrogenic) that produce PAHs when studying 
sediment contamination. 
Multiple factors, such as chemical composition of the organic matter or 
temperature, affect quantity and distribution of PAHs formed incomplete combustion 
processes or during its thermal maturation in the earth.  Thermal PAH formation can 
occur over a wide range of temperatures.  Sediments contaminated by pyrogenic 
sources display an aromatic hydrocarbons profile dominated by unsubstituted PAHs 
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with a broad molecular range, up to the hexa-aromatics, and even higher molecular 
weight compounds124.  In contrast, sediments contaminated with sources formed by 
natural, slow maturation processes (i.e. crude oils) are dominated by the lower 
molecular weight aromatic hydrocarbons with a complete suite of alkylated PAHs.  The 
study of the PAH distribution and biomarker patterns can provide investigators with vital 
information on the process and source from which these contaminants originated.  The 
compounds fluorene (Flu), phenanthrene (Phe), anthracene (Ant), fluoranthene (Flt), 
pyrene (Pyr), benzo[a]-pyrene (Bap), and indeno [cd] pyrene (Inp) at the BJ sites 
yielded a relatively good correlation (r >0.5) with ΣPAH values.  These result suggests 
that the compositions of the major PAHs are fairly constant at different sampling sites 
and may come from the similar sources.   
To determine the origins of the sediment contaminants detected at the BJ and GI 
sites, the ratios of Phe/Ant and Flt/Pyr were calculated.  These ratios have been used 
extensively to distinguish petrogenic and pyrogenic sources of PAHs. A ratio of Phe/Ant 
< 10 and Flt/Pyr > 1 tends to indicate that the PAH contamination is from combustion 
processes125. As shown in Fig. 4.10, all of the Bay Jimmy sampling sites displayed 
Phe/Ant ratios > 10 and Flt/Pyr ratios < 1, suggesting significant PAH inputs from 
petrogenic sources into the northern Barataria Bay region. The results suggest that 
PAHs in the Grand Isle location are derived from the combustion of fossil fuels.  The 
PAH contamination in the Grand Isle region most likely related to the high volume of 
recreational and commercial boat traffic surrounding the sampling site.  In order to 
determine if the Bay Jimmy and Grand Isle sites were contaminated with PAHs as a 
result of the Deepwater Horizon spill, oil fingerprint profiles of sediment samples from 
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the Bay Jimmy and Grand Isle sites were compared to South Louisiana crude (SLC) 
source oil obtained from the Deepwater Horizon spill.  As Illustrated by Figure 4.11, the 
hopane (m/z 191) from the Bay Jimmy sediment profile is a positive match to the 
Deepwater Horizon spill source oil profile.  The Grand Isle sediment profile does not 
display any of the characteristics found in the Deepwater Horizon spill source oil profile.  
The results suggest that PAH inputs in the Bay Jimmy area are derived mainly from the 
Deepwater Horizon spill.  The PAH inputs in the Grand Isle area are derived from 































Figure 4.10  Double ratio source plot for Bay Jimmy and Grand Isle sediment. SLC oil 






Figure 4.11  Hopane (m/z 191) biomarker profile of: (A) South Louisiana crude (SLC) 






4.3.4 Caged Oyster Total PAH Levels 
 Prior to transplanting oysters at the experimental sites, both ploidy (5 replicates 
each) were processed and analyzed for PAH content.  The baseline mean (±SD) total 
PAH content for diploid and triploid oysters were 33.5 ± 6.32 µg/Kg and 37.1 ± 5.89 
µg/Kg, respectively.  The oyster total PAH content in the caged diploid oysters at the 
Bay Jimmy sites had a mean (±SD) tissue PAH concentration (µg/Kg) for the sampling 
period of 80.7 ± 22.0 µg/Kg (Figure 4.12).  The BJ diploid tissue total PAH content 
ranged from 40.8 to 127 µg/Kg of dry matrix for the 7 sampling events.  The lower 
diploid tissue PAH concentration was recorded during the August 2012 sampling event 
(site #1), at the end of the field experiment.  The highest diploid tissue PAH 
concentration was recorded during the 21 November 2011 sampling event (site #3).  
The oyster total PAH content in the caged diploid oysters at the Grand Isle site had a 
mean (±SD) tissue PAH concentration (µg/Kg) for the sampling period of 35.4 ± 4.57 
µg/Kg.  The GI diploid tissue total PAH content ranged from 28.3 to 44.7 µg/Kg of dry 
matrix for the 7 sampling events.  The lower diploid tissue PAH concentration was 
recorded during the September 2012 sampling event (site #6), at the end of the field 
experiment.  The highest diploid tissue PAH concentration was recorded during the 
August 2012 sampling event (site #6).   
The oyster total PAH content in the caged triploid oysters at the Bay Jimmy sites 
had a mean (±SD) tissue PAH concentration (µg/Kg) for the sampling period of 88.3 ± 
22.6 µg/Kg (Figure 4.13).  The BJ triploid tissue total PAH content ranged from 47.5 to 
147 µg/Kg of dry matrix for the 7 sampling events.  The lower triploid tissue PAH 
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of the field experiment.  The highest diploid tissue PAH concentration was recorded 
during the September 2011 sampling event (site #3).  The oyster total PAH content in 
the caged triploid oysters at the Grand Isle site had a mean (±SD) tissue PAH 
concentration (µg/Kg) for the sampling period of 37.9 ± 4.45 µg/Kg.  The GI triploid 
tissue total PAH content ranged from 31.8 to 48.3 µg/Kg of dry matrix for the 7 sampling 
events.  The lower triploid tissue PAH concentration was recorded during the July 2011 
sampling event (site #6), at the beginning of the field experiment.  The highest diploid 
tissue PAH concentration was recorded during the August 2012 sampling event (site 
#6).  The summaries of the tabulated PAH results for the diploid (Tables A.19-25) and 
triploid (Tables A.26-32) oysters are located in the appendix. 
 A statistical analysis was performed on the total PAH content of the oysters to 
determine whether there are differences between the ploidy (diploid and triploid).  
Results indicated there was a significant difference (p < 0.05) in total PAH content 
between the sampling events, both Bay Jimmy and Grand Isle locations.  There was no 
significant difference (p>0.05) between the Bay Jimmy sites (sites 1-5), but there was 
an observed difference (p<0.05) between the Bay Jimmy sites (sites 1-5) and Grand Isle 
site (site 6).  A more detailed analysis of all the oysters (diploid and triploid) from the 
Bay Jimmy site showed there was a significant difference (p<0.05) between total PAH 
content for the diploid and triploid oysters during the July 2011, September 2011, 
August 2012, and September 2012 sampling events.  The remaining sampling events at 
the Bay Jimmy site showed there was no significant difference (p>0.05) between the 
ploidy.  An analysis of all the oysters (diploid and triploid) from the Grand Isle site 
showed there was a significant difference (p<0.05) of total PAH content for the diploid 
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and triploid oysters during the September 2011 and September 2012 sampling events.  
The remaining sampling events at the Grand Isle site showed there was no significant 
difference (p>0.05) between the ploidy.   
The contamination levels within the oysters were different according to the 
various sampling events.  The highest total PAH concentrations (for BJ sites) in diploid 
oysters were measured during the November 2011 sampling event with a mean (±SD) 
of 105 ± 14.7 µg/Kg.  The August 2012 and September 2012 sampling events were 
much lower, with the mean (±SD) total PAH concentrations measuring 60.1 ± 9.38 
µg/Kg and 55.6 ± 8.14 µg/Kg, respectively.  The highest total PAH concentrations (for 
BJ sites) in triploid oysters were measured during the September 2011 sampling event 
with a mean (±SD) of 119 ± 16.2 µg/Kg.  The August 2012 and September 2012 
sampling events were much lower, with the mean (±SD) total PAH concentrations 
measuring 51.6 ± 8.00 µg/Kg and 74.2 ± 11.6 µg/Kg, respectively.  The lipid  
concentrations (Figure 4.14) within the diploid oysters varied from 8.4 to 15.6%, with a 
significant difference (p<0.05) over the sampling period.   In contrast, the triploid oysters 
did not exhibit any significant temporal variation over the sampling period, ranging from 
8.9 to 11.3%.  A summary of the tabulated lipid content results for the diploid and triploid 
oysters (Table A.33) is located in the appendix. 
The temporal differences in PAH concentration levels within the oysters (diploid 
and triploid) could be linked to many factors, including increased contamination uptake 
due to a high lipid content in tissues, dilution of contaminant levels by high lipid 
concentrations, increased exposure due to meteorological events, or influences by the 


























Figure 4.14  Lipid content in diploid and triploid oysters at the Bay Jimmy and Grand Isle 
sites for the sampling period. 
 
within the diploid oysters during the summer season (May-September), indicating there 
was little or no influence by high lipid concentrations.  In comparison to the same time 
period, the triploid oysters maintained a constant level of PAHs within their tissue. 
During storm events, strong tidal surges and currents resuspend contaminated 
sediment particles and made them readily available to the filter-feeding organisms.  The 
diploid and triploid oyster total PAH content was plotted versus the sediment total PAH 
content (Figures 4.15 and 4.16).  Oyster (diploid and triploid) and sediment total PAH 
content are positively correlated.  The Pearson correlation coefficient (r) for the diploid 
and triploid versus the sediment was 0.9032 and 0.9765, respectively.  The most 
contaminated oysters were located in the sites where the sediments are contaminated  
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Figure 4.15  Plot of diploid oyster total PAH concentrations versus sediment total PAH 
concentrations for all sites. 
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Figure 4.16  Plot of triploid oyster total PAH concentrations versus sediment total PAH 
concentrations for all sites. 
r2 = 0.9535 
r2 = 0.8158 
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at the highest levels.  Oyster tissue content results from an equilibrium between uptake, 
assimilation, and depuration.  Therefore, it is valid to state that the most contaminated 
oysters will be located in the most contaminated sites.  A significant spike (17-24%) in 
PAH concentrations, within the triploid oysters, was observed following Tropical Storm 
Lee and Hurricane Isaac. In comparison, the diploid oysters showed only a slight 
increase (3-10%) in PAH content following the storm events.  The results indicate a link 
between the storm events (sediment resuspension) and increased PAH levels in triploid 
oysters.  The lack of significant PAH uptake by the diploid oysters may be linked to 
changes in metabolic rates experienced during their reproductive cycle.   
Diploidy and triploidy biochemical physiology and reproductive cycles differ 
greatly.  During the winter month diploid oysters typically increase their glycogen and 
lipid levels in anticipation of gametogenesis which begins in late March and continues 
into May-June, when spawning occurs, depending on environmental factors (water 
temperature, salinity, chlorophyll levels).  The accumulation of lipid content is directly 
related to bivalve maturation stage, with a maximum value occurring just prior to 
spawning.  Following spawning, the biochemical composition (lipids, glycogens, and 
protein) are reduced and the organism typically becomes stressed and susceptible to 
disease96,126.  The % change in diploid and triploid total PAH content for the individual 
sampling dates and sites are shown in Table 4.2.  Significant increases (17.2-33.4%) in 
total PAH content within the triploid oysters were observed at the Bay Jimmy sites for 
the months coinciding with the spawning season (June-September) and elevated lipids 
levels in the diploid oysters.  Increases (23.8-26.9%) in total PAH content at the Grand 
Isle site was only observed for the September 2011 and 2012 sampling events.  The  
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Table 4.2  Percent change in diploid and triploid total PAH content for the individual 




lack of PAH increases in triploid tissue at the Grand Isle site for the July 2011 and 
August 2012 sampling events may be explained by an apparent baseline level for oyster 
PAH content of about 30-40 µg/Kg.  This baseline level is a result of a balance between 
uptake and depuration of contaminants.  The change in diploid and triploid PAH 
concentrations (3.26-5.43%) were not significantly different (p>0.05) for the November 
2011, February 2012, and May 2012 sampling events. 
 
4.3.5 Oyster Bioaccumulation Factors 
 As noted earlier, the Pearson correlation (r) between oysters and sediment total 
PAH concentrations is high (diploid=0.9665, triploid=0.9765).  The high correlation 
between the sediment and oysters is mainly due to the oyster’s proximity to the oiled 
shoreline and to a possible higher concentration of suspended particles in the water 
column.  The graphs for the PAH concentrations in oysters (Figures 12 & 13) display 
comparable trends.  An increase in PAH content was observed in the diploid oysters 
during the winter months (November 2011 and February 2012 sampling).  The elevated 
PAH concentrations may be related to their high-filtering rates (increased feeding rate) 
during the winter months.  A slight decrease in PAHs was recorded by the triploid 
oysters for the same time period.  In order to determine oyster accumulation from the 
surrounding sediment, bioaccumulation factors (BAF) were calculated.  BAFs are the 
ratio of oyster total PAH concentration versus the sediment total PAH concentration (dry 
wt.).  The bioaccumulation factors at the Bay Jimmy and Grand Isle sites ranged from 
0.13 to 0.64 for the diploid oysters and 0.19 to 0.66 for the triploid oysters (Table 4.3).  
This broad range for BAFs is due the contrast in the Bay Jimmy and Grand Isle sites  
116 
 
Table 4.3  Bioaccumulation factors for diploid and triploid oysters at the Bay Jimmy and 
Grand Isle sites. 
 
 
(organic carbon content, grain size).  Several authors have found that bioavailability of 
hydrophobic contaminants was greatly reduced when sediments contained high organic 
matter content30, 32.  In addition, PAH bioavailability was found to be dependent on 
Date Site ΣPAHsed ΣPAHdip ΣPAHtrip
TOC    
(%)
Lipidsdip    
(%)
Lipidstrip    
(%)
BAFdip BAFtrip BASFdip BASFtrip
072811 1 394 67.9 79.8 5.5 14.9 10.4 0.17 0.20 0.06 0.11
2 532 94.3 110 8.1 15.1 11.6 0.18 0.21 0.09 0.14
3 566 100 117 8.1 16.7 11.1 0.18 0.21 0.09 0.15
4 434 73.7 86.3 5.9 14.6 10.7 0.17 0.20 0.07 0.11
5 507 86.1 101 7.1 16.5 11.4 0.17 0.20 0.07 0.13
6 50.9 30.5 33.5 1.4 15.5 10.6 0.60 0.66 0.06 0.09
091611 1 484 86.5 98.9 7.3 11.4 10.2 0.18 0.20 0.11 0.15
2 660 93.5 130 8.2 12.3 9.5 0.14 0.20 0.09 0.17
3 697 101 141 7.9 11.0 10.1 0.15 0.20 0.10 0.16
4 530 88.0 108 7.9 11.6 11.4 0.17 0.20 0.11 0.14
5 599 97.0 120 7.5 10.9 10.0 0.16 0.20 0.11 0.15
6 66.7 33.4 41.3 1.8 11.6 10.9 0.50 0.62 0.08 0.10
112111 1 411 88.5 83.5 6.7 9.2 9.0 0.22 0.20 0.16 0.15
2 559 119 112 7.8 8.8 7.9 0.21 0.20 0.19 0.20
3 594 122 115 7.7 8.7 9.6 0.20 0.19 0.18 0.16
4 447 95.7 91.5 6.5 8.4 9.1 0.21 0.20 0.17 0.15
5 486 98.9 93.3 7.2 8.9 9.3 0.20 0.19 0.16 0.15
6 57.1 36.7 34.9 1.6 8.7 8.6 0.64 0.61 0.12 0.12
022812 1 371 77.3 73.8 6.1 7.8 9.8 0.21 0.20 0.16 0.12
2 510 107 103 6.9 8.5 10.0 0.21 0.20 0.17 0.14
3 539 116 109 8.1 8.4 9.2 0.22 0.20 0.21 0.18
4 404 87.3 83.2 5.7 7.9 8.3 0.22 0.21 0.16 0.14
5 441 96.3 90.9 5.9 8.8 7.6 0.22 0.21 0.15 0.16
6 60.9 38.6 37.3 1.8 8.8 9.0 0.63 0.61 0.13 0.12
053012 1 307 67.1 64.0 5.6 11.5 10.2 0.22 0.21 0.11 0.11
2 387 83.7 79.1 5.9 11.2 10.0 0.22 0.20 0.11 0.12
3 444 92.1 88.9 6.5 11.6 10.6 0.21 0.20 0.12 0.12
4 331 70.0 66.6 4.6 11.1 10.9 0.21 0.20 0.09 0.09
5 367 79.0 74.8 5.4 10.8 10.5 0.22 0.20 0.11 0.10
6 59.2 37.8 36.3 1.6 11.5 9.8 0.64 0.61 0.09 0.10
082312 1 249 43.2 50.2 4.5 14.3 11.8 0.17 0.20 0.05 0.08
2 338 58.1 67.9 5.6 15.3 11.5 0.17 0.20 0.06 0.10
3 360 61.9 72.2 5.9 15.6 10.8 0.17 0.20 0.07 0.11
4 269 47.7 54.7 4.0 14.8 11.7 0.18 0.20 0.05 0.07
5 281 47.0 55.2 4.1 15.5 11.2 0.17 0.20 0.04 0.07
6 67.3 39.8 42.7 1.9 15.7 11.1 0.59 0.64 0.07 0.11
090712 1 301 47.6 60.8 5.1 12.2 10.0 0.16 0.20 0.07 0.10
2 407 61.8 82.1 6.7 11.3 10.0 0.15 0.20 0.09 0.13
3 433 65.7 87.3 7.3 11.4 10.7 0.15 0.20 0.10 0.14
4 326 50.9 65.2 4.5 11.5 9.7 0.16 0.20 0.06 0.09
5 384 51.9 75.6 5.4 10.7 9.3 0.13 0.20 0.07 0.11
6 64.5 31.0 39.3 1.7 10.8 10.8 0.48 0.61 0.08 0.10
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grain-size distribution of the sediment127.  For muddy samples, like the Bay Jimmy sites, 
PAHs are strongly bound to the fine sediment grains and their bioavailability is greatly 
reduced.  The muddy sediment organic content of Bay Jimmy ranged from 4.0 to 8.2%, 
while the sandy sediment organic content of Grand Isle ranged from 1.4 to 1.8%.  The 
reduced bioavailability of the PAHs leads to low bioaccumulation factors of < 0.25.  The 
BAFs of oysters exposed to contaminated sand (avg. BAF = 0.62) where much greater 
than those exposed to muddy sediment.  Between the ploidy, significant differences 
(p<0.05) in BAFs were observed during the spawning season (July 2011, September 
2011, August 2012, and September 2012 sampling events).   
 Advanced methods for predicting bioaccumulation have been established based 
on equilibrium partitioning for establishing sediment criteria128.  One of the mostly widely 
used application considers that biota contaminant concentration may be predicted from 
its partition between biota lipid fraction and sediment organic carbon content.  The biota 
sediment accumulation factor (BSAF) is calculated as follows (eqn. 4.1): 
 
BSAF ൌ ሺେ౥౯౩౪౛౨/୐ሻሺେ౩౛ౚ/୘୓େሻ             (4.1) 
 
where Coyster = oyster total PAH concentration (in µg/Kg); Csed = sediment total PAH 
concentration (in µg/Kg); L = lipid fraction of the oyster tissue (in %); and TOC = total 
organic content of the sediment (in %).  The BSAF is the ratio of lipid normalize oyster 
PAH concentration versus the TOC normalized sediment concentration.  It is designed 
to remain constant and not to be biased by varying species, ploidy, sediment TOC, and 
contaminant chemical properties35.  The BSAF calculated for the diploid oysters within 
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the Barataria Bay region ranged from 0.04 to 0.21, varying by a factor of 5.25.  The 
BSAF calculated for the triploid oysters within the Barataria Bay region ranged from 
0.07 to 0.20, varying by a factor of 2.86.  Previous studies30,129 have shown that the 
highest BSAF are associated with sediments contaminated at low levels (< 50 µg/Kg) 
and correspond to sediments of lower organic carbon content (0.1-1.1%).  In this study, 
the BSAFs did not vary significantly and may have been biased by low variability of 
sediment classes.  However, its variation range is not as broad as for BAF which 
indicates its potential for predicting maximum biota contaminant concentrations. 
 
4.4 Conclusions  
 The sediments of Bay Jimmy are uniformly contaminated at moderate levels (< 
734 µg/Kg).  The silty mud composition of the Bay Jimmy sediments offer an excellent 
media for organic contaminants to bind.  Sediment PAH concentrations measured at the 
Bay Jimmy sites were consistent with similar observations from the area130.  Grand Isle 
sediments were contaminated at low levels (< 76 µg/Kg).  The low concentrations at the 
Grand Isle site could be related to the grain-size characteristics (sandy) of the area or 
the protective jetties near the site.  PAHs near the Bay Jimmy sites were positively 
identified (diagnostic ratios and biomarker fingerprinting) as originating from the 
Deepwater Horizon oil spill.  PAHs found at the Grand Isle site originate from the 
incomplete combustion of organic material linked to anthropogenic sources.   
The diploid and triploid oysters associated with the Bay Jimmy sites were 
contaminated at low levels (< 140 µg/Kg).  Both ploidy exhibited a downward trend in 
PAH concentrations over time, but spikes in PAH levels were observed following 
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significant storm events.  The diploid and triploid oysters associated with the Grand Isle 
site were contaminated at low levels (< 40 µg/Kg).  These low and constant oyster 
tissue levels indicate an apparent baseline level which is thought to result from an 
equilibrium between uptake and depuration of the absorbed contaminants.  Significant 
increases (17.2 % to 33.4%) in total PAH content within the triploid oysters were 
observed at the Bay Jimmy sites for the months coinciding with the spawning season 
(June-September) and elevated lipids levels in the diploid oysters.  Different 
bioaccumulation behavior from the contaminated sediments was observed for the 
different sites.  Bioavailability of hydrophobic contaminants was greatly reduced when 
sediments contained high organic matter content. In addition, PAH bioavailability was 
found to be dependent on grain-size distribution of the sediment.  As mentioned in the 
results section, the oyster (diploid and triploid) and sediment total PAH content are 
positively correlated.   The Pearson correlation coefficient (r) for the diploid and triploid 
versus the sediment was 0.9032 and 0.9765, respectively.  This interesting correlation 
indicates that total PAH concentration within the triploid oysters can be accurately 
predicted by determining the total PAH in the surrounding sediment.  The positive 
bivalve-sediment correlation may be valid for this specific site, so this phenomenon 
should be verified when investigating sites with contrasting environmental variables 
(e.g. PAH conc., oil type, sediment classification).  
 The results support the research hypothesis, indicating that triploid Eastern 
oysters are more effective than diploid Eastern oysters for biomonitoring PAH uptake in 
the summer months during long-term field exposure studies.  This study has clearly 
shown that triploid oysters are an acceptable tool for long-term monitoring of pollutants 
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in water and sediment throughout the entire year.  Triploids were shown to respond less 
to environmental and seasonal variations than diploids.  Further testing should be 
conducted in large scale flow-through tank systems to determine real-time effects of 
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Table A.1. Summary of the PAH (ng/g, dry wt) recoveries, std. deviation, and %RSD for preliminary efficacy study. 
 
PAH
1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 93.2 85.7 85.7 88.2 4.30 4.88 86.9 77.4 80.9 81.7 4.84 5.92 80.2 75.4 69.8 75.1 5.22 6.95
Benzothiophene 90.0 74.7 83.7 82.8 7.69 9.29 79.9 67.1 66.3 71.1 7.62 10.7 74.2 67.5 66.8 69.5 4.09 5.88
2-methylnaphthalene 92.6 85.2 80.6 86.2 6.08 7.05 85.9 80.7 80.7 82.4 2.97 3.61 79.3 75.3 69.8 74.8 4.78 6.39
1-methylnaphthalene-d10 SS#1 79.2 68.9 70.5 72.9 5.55 7.61 75.2 69.2 65.5 70.0 4.93 7.05 52.7 45.3 43.2 47.1 4.98 10.6
Biphenyl 65.1 60.6 52.8 59.5 6.26 10.5 83.9 68.0 74.7 75.5 8.00 10.6 52.6 46.3 47.9 48.9 3.29 6.72
2-ethylnaphthalene 80.9 74.4 71.2 75.5 4.94 6.55 72.2 66.5 61.4 66.7 5.42 8.13 59.1 55.6 47.3 54.0 6.07 11.2
Acenaphthylene 92.1 77.4 75.5 81.7 9.09 11.1 74.2 63.8 59.3 65.8 7.61 11.6 65.9 58.7 56.7 60.4 4.86 8.04
Acenaphthene 80.2 68.2 72.2 73.5 6.13 8.33 69.0 59.3 58.0 62.1 6.01 9.69 63.9 56.9 59.4 60.1 3.56 5.92
Dibenzofuran-d8 SS#2 66.2 57.0 60.3 61.2 4.70 7.68 58.0 51.7 54.6 54.8 3.20 5.84 61.2 56.3 56.3 57.9 2.83 4.88
Dibenzofuran 99.3 83.4 91.4 91.4 7.94 8.70 86.9 72.1 77.3 78.8 7.49 9.51 91.2 80.3 80.3 83.9 6.32 7.53
Fluorene 63.5 55.8 55.2 58.2 4.59 7.89 55.3 47.5 48.1 50.3 4.32 8.58 73.2 64.5 62.3 66.7 5.81 8.72
Dibenzothiophene 53.5 50.3 46.5 50.1 3.48 6.95 64.1 53.2 53.9 57.1 6.12 10.7 64.3 57.8 54.6 58.9 4.91 8.33
Phenanthrene 95.6 88.0 88.0 90.5 4.42 4.88 88.3 83.9 83.9 85.4 2.55 2.99 84.9 74.7 67.9 75.8 8.55 11.3
Anthracene-d10 SS#3 49.6 45.1 46.1 46.9 2.34 4.99 50.5 45.9 44.9 47.1 2.96 6.28 52.0 45.3 42.7 46.6 4.83 10.4
Anthracene 64.1 53.2 53.8 57.0 6.11 10.7 85.2 69.0 81.0 78.4 8.39 10.7 61.0 51.3 54.9 55.7 4.93 8.85
Carbozole 68.9 63.4 63.4 65.2 3.18 4.88 86.2 71.5 70.7 76.1 8.72 11.5 59.9 50.9 47.9 52.9 6.24 11.8
4-methylbenzothiophene 59.2 55.1 47.4 53.9 6.01 11.2 68.4 58.2 56.8 61.1 6.36 10.4 33.6 29.9 27.9 30.5 2.90 9.51
2-methylphenanthrene 99.9 87.9 82.9 90.3 8.73 9.67 74.4 62.5 70.7 69.2 6.09 8.80 51.6 46.5 47.0 48.4 2.84 5.88
2-methylanthracene 93.2 82.1 81.1 85.5 6.75 7.89 76.6 62.8 63.6 67.7 7.75 11.5 50.4 43.8 43.8 46.0 3.78 8.22
1-methylphenanthrene 62.7 57.1 52.7 57.5 5.03 8.75 56.1 47.7 45.4 49.7 5.62 11.3 46.5 41.9 43.3 43.9 2.39 5.44
3,6-dimethylphenanthrene 92.7 76.9 86.2 85.3 7.92 9.29 97.7 91.9 89.9 93.2 4.07 4.37 71.5 59.4 61.5 64.1 6.49 10.1
Fluoranthene 71.6 61.5 63.0 65.4 5.42 8.29 74.9 70.4 63.7 69.7 5.65 8.12 55.8 45.7 48.5 50.0 5.18 10.4
Pyrene 96.6 90.8 81.2 89.6 7.81 8.72 93.5 77.6 86.1 85.7 7.96 9.28 89.0 73.9 73.0 78.7 9.01 11.5
Benzo (a) f luorene 57.0 49.6 53.0 53.2 3.71 6.97 55.2 45.3 44.7 48.4 5.90 12.2 36.8 33.9 29.4 33.4 3.70 11.1
1-methylpyrene 99.5 86.5 92.5 92.8 6.47 6.97 80.9 70.4 74.4 75.2 5.30 7.05 82.2 67.4 75.7 75.1 7.42 9.87
Benzo (a) anthracene - d12 SS# 96.3 80.0 78.0 84.8 10.1 11.9 87.0 81.8 76.6 81.8 5.22 6.38 84.7 80.4 70.3 78.5 7.40 9.43
Benzo (a) anthracene 86.4 77.8 71.7 78.6 7.38 9.39 97.1 92.3 85.5 91.6 5.85 6.39 75.6 66.5 63.5 68.5 6.29 9.18
Chrysene 92.9 87.3 83.6 87.9 4.67 5.32 88.9 71.1 81.8 80.6 8.95 11.1 70.0 65.8 62.3 66.0 3.85 5.84
5-methylchrysene 72.6 67.5 67.5 69.2 2.93 4.24 68.7 61.1 57.7 62.5 5.62 8.99 81.8 74.4 66.2 74.1 7.77 10.5
Benzo (b) f luoranthene 41.0 38.6 33.2 37.6 3.99 10.6 60.5 53.2 50.2 54.7 5.29 9.67 64.3 54.7 52.1 57.0 6.44 11.3
Benzo (k) f luoranthene 73.5 67.6 65.4 68.8 4.18 6.07 96.0 82.5 86.4 88.3 6.92 7.84 83.5 73.5 69.3 75.4 7.30 9.67
Benzo (e) pyrene 91.8 80.8 73.4 82.0 9.24 11.27 86.4 80.3 75.1 80.6 5.62 6.97 73.6 64.1 70.0 69.2 4.83 6.98
Benzo (a) pyrene - d12 SS#5 83.7 72.8 74.5 77.0 5.86 7.61 73.7 67.8 61.2 67.6 6.27 9.28 99.1 91.2 90.2 93.5 4.89 5.23
Benzo (a) Pyrene 82.1 68.2 70.6 73.6 7.45 10.1 54.9 47.8 47.3 50.0 4.29 8.58 65.4 55.6 54.9 58.7 5.86 10.0
Perylene 62.4 54.3 54.9 57.2 4.51 7.89 64.2 61.0 57.1 60.8 3.54 5.82 49.4 46.9 43.0 46.4 3.24 6.98
Indeno (1,2,3 - cd) pyrene 82.9 78.8 74.6 78.8 4.15 5.26 76.8 69.9 65.3 70.6 5.80 8.21 82.5 67.7 72.6 74.3 7.56 10.2
Dibenzo (a,h) anthracene 73.4 67.6 59.5 66.8 7.01 10.5 69.1 61.5 63.6 64.7 3.93 6.07 58.9 53.0 47.7 53.2 5.60 10.5
Benzo (g,h,i) perylene 73.0 63.5 65.0 67.2 5.11 7.61 74.8 64.3 68.1 69.1 5.31 7.68 79.3 70.6 65.8 71.9 6.84 9.51
Avg. total PAH recovery (%) 72.2 69.6 61.7
40% MEK                               
60% TOL
50% MEK                               
50% CH










1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 70.2 59.2 61.1 63.5 5.89 9.28 81.2 78.8 70.6 70.2 5.53 7.87 90.0 87.3 78.3 85.2 6.13 7.19
Benzothiophene 81.2 64.9 67.4 71.2 8.79 12.3 91.2 85.7 86.6 80.2 2.93 3.65 83.8 77.9 88.9 83.5 5.50 6.58
2-methylnaphthalene 75.6 64.6 62.7 67.6 6.95 10.3 85.0 85.0 86.7 75.4 0.98 1.30 88.4 92.0 86.1 88.8 2.95 3.32
1-methylnaphthalene-d10 SS#1 72.6 56.0 61.7 63.4 8.42 13.3 80.0 73.6 90.4 81.3 8.48 10.4 99.8 89.8 91.6 93.7 5.35 5.70
Biphenyl 76.1 59.5 68.5 68.0 8.30 12.2 72.0 68.4 66.2 68.9 2.91 4.22 97.0 102 92.8 97.2 4.51 4.64
2-ethylnaphthalene 69.5 57.3 55.6 60.8 7.58 12.5 76.0 69.9 78.3 74.7 4.32 5.78 81.3 74.8 86.2 80.8 5.71 7.07
Acenaphthylene 81.9 60.9 68.0 70.3 10.7 15.2 80.0 76.8 91.2 82.7 7.56 9.15 94.8 90.0 92.8 92.5 2.38 2.57
Acenaphthene 71.9 63.9 61.1 65.6 5.60 8.54 81.7 73.5 95.6 83.6 11.15 13.3 88.5 80.5 103 90.5 11.2 12.4
Dibenzofuran-d8 SS#2 69.2 67.2 62.3 66.2 3.57 5.38 93.6 88.0 110.5 83.6 11.69 14.0 85.6 84.7 95.9 88.7 6.19 6.98
Dibenzofuran 86.7 68.7 78.0 77.8 9.02 11.6 84.6 76.1 88.5 83.1 6.32 7.61 97.3 90.5 91.9 93.3 3.60 3.86
Fluorene 71.4 69.9 57.8 66.4 7.43 11.2 88.0 81.0 103.8 90.9 11.72 12.9 82.0 81.2 83.6 82.3 1.25 1.52
Dibenzothiophene 83.7 75.3 69.5 76.2 7.15 9.39 87.0 82.7 82.7 84.1 2.51 2.99 87.7 82.4 86.8 85.7 2.82 3.29
Phenanthrene 68.6 73.1 59.0 66.9 7.20 10.8 91.8 86.3 91.8 81.8 3.18 3.89 98.4 94.5 101 98.1 3.46 3.52
Anthracene-d10 SS#3 79.5 64.8 64.4 69.6 8.61 12.4 81.0 73.7 91.5 82.1 8.96 10.9 89.9 89.0 91.7 90.2 1.37 1.52
Anthracene 86.9 66.5 76.5 76.6 10.2 13.3 82.0 75.4 89.4 82.3 6.97 8.48 83.9 83.1 88.9 85.3 3.18 3.72
Carbozole 77.4 68.3 64.2 70.0 6.74 9.64 72.0 66.2 69.1 69.1 2.88 4.17 81.6 78.3 79.2 79.7 1.70 2.13
4-methylbenzothiophene 80.4 65.1 64.3 69.9 9.07 13.0 89.7 87.0 82.6 86.4 3.63 4.20 82.2 78.9 80.6 80.6 1.64 2.04
2-methylphenanthrene 79.6 61.5 64.5 68.5 9.70 14.2 86.6 78.0 78.0 80.8 5.00 6.19 98.5 90.7 88.3 92.5 5.36 5.80
2-methylanthracene 77.4 64.6 62.7 68.2 8.00 11.7 89.5 86.8 104.8 79.5 9.66 12.1 97.0 94.1 92.1 94.4 2.44 2.59
1-methylphenanthrene 70.9 54.6 62.4 62.6 8.13 13.0 81.0 73.7 95.5 83.4 11.13 13.3 81.6 76.7 86.5 81.6 4.90 6.00
3,6-dimethylphenanthrene 79.8 68.9 66.2 71.6 7.19 10.0 76.0 75.2 86.6 79.3 6.37 8.04 96.2 87.6 99.4 94.4 6.12 6.49
Fluoranthene 77.4 59.6 65.8 67.6 9.05 13.4 72.0 67.0 79.9 73.0 6.53 8.95 93.7 89.0 94.7 92.5 3.01 3.26
Pyrene 86.8 73.9 72.9 77.9 7.75 10.0 83.0 79.7 85.5 82.7 2.91 3.52 80.4 78.8 88.5 82.6 5.17 6.26
Benzo (a) f luorene 80.8 62.8 69.5 71.0 9.08 12.8 86.1 82.6 98.2 76.1 8.18 10.8 75.9 68.3 88.0 77.4 9.95 12.9
1-methylpyrene 91.7 68.3 80.7 80.2 11.7 14.6 94.4 94.4 86.7 91.9 4.47 4.87 88.4 91.1 94.6 91.4 3.11 3.40
Benzo (a) anthracene - d12 SS# 64.2 81.3 56.5 67.3 12.7 18.9 93.3 86.7 94.2 91.4 4.06 4.45 96.3 97.2 93.4 95.6 2.00 2.10
Benzo (a) anthracene 52.3 63.3 42.9 52.8 10.2 19.3 87.6 84.1 82.4 77.2 2.68 3.47 80.2 77.0 73.0 76.7 3.62 4.71
Chrysene 66.9 63.6 54.9 61.8 6.22 10.1 78.9 71.8 74.2 74.9 3.62 4.82 97.9 94.0 91.0 94.3 3.44 3.65
5-methylchrysene 70.1 59.7 62.4 64.1 5.40 8.43 87.0 78.3 88.7 84.6 5.59 6.61 85.5 78.6 82.1 82.1 3.42 4.17
Benzo (b) f luoranthene 69.7 61.8 62.7 64.7 4.33 6.68 83.1 83.1 93.9 73.5 6.24 8.49 69.8 70.5 72.6 71.0 1.45 2.05
Benzo (k) f luoranthene 58.1 67.5 50.0 58.5 8.79 15.0 95.1 87.5 89.4 90.7 3.96 4.37 89.1 82.8 92.5 88.1 4.90 5.55
Benzo (e) pyrene 66.5 63.1 54.5 61.4 6.16 10.0 79.3 77.7 88.0 69.3 5.55 8.01 88.1 79.3 98.7 88.7 9.71 10.9
Benzo (a) pyrene - d12 SS#5 50.5 59.3 40.4 50.1 9.47 18.9 75.9 68.3 77.4 65.9 4.88 7.40 76.6 78.9 74.3 76.6 2.30 3.00
Benzo (a) Pyrene 60.3 51.6 53.1 55.0 4.67 8.50 69.6 64.0 72.3 68.6 4.25 6.19 68.4 66.3 78.6 71.1 6.59 9.27
Perylene 70.4 62.7 60.5 64.5 5.19 8.04 70.5 67.0 83.9 73.8 8.93 12.1 69.2 69.2 64.4 67.6 2.80 4.14
Indeno (1,2,3 - cd) pyrene 66.8 57.6 58.1 60.8 5.17 8.49 76.1 68.5 79.1 66.1 5.49 8.30 71.3 71.3 84.8 75.8 7.82 10.3
Dibenzo (a,h) anthracene 62.8 53.5 51.5 55.9 6.02 10.8 70.3 66.1 68.2 60.3 2.11 3.50 70.5 69.1 64.9 68.2 2.94 4.31
Benzo (g,h,i) perylene 58.4 52.0 52.0 54.1 3.69 6.82 70.7 65.0 71.4 56.7 3.49 6.15 71.3 73.4 75.6 73.4 2.14 2.91
Avg. total PAH recovery (%) 66.0 77.9 85.1
Solvent ID
30% ACE                               
30% MEK                               
40% CH
4 5 6
40% ACE                               
60% CH
50% MEK                               








1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 71.9 80.8 80.0 77.6 4.90 6.32 59.5 55.9 55.9 57.1 2.06 3.61 68.0 82.9 78.3 76.4 7.64 10.0
Benzothiophene 58.9 64.7 79.7 67.8 10.7 15.8 72.6 65.3 68.2 68.7 3.65 5.32 82.4 94.7 81.4 86.2 7.41 8.60
2-methylnaphthalene 67.0 72.0 74.4 71.1 3.80 5.34 51.4 50.9 48.3 50.2 1.65 3.29 58.5 70.5 75.0 68.0 8.52 12.5
1-methylnaphthalene-d10 SS#1 62.8 70.6 85.0 72.8 11.3 15.5 69.7 62.7 60.6 64.4 4.74 7.37 74.5 83.7 81.9 80.0 4.89 6.1
Biphenyl 71.9 80.8 79.9 77.5 4.90 6.32 71.6 68.7 63.7 68.0 3.99 5.86 70.8 86.4 87.9 81.7 9.46 11.6
2-ethylnaphthalene 65.7 73.9 88.1 75.9 11.3 14.9 88.9 80.0 70.2 79.7 9.33 11.7 54.6 65.0 74.1 64.6 9.76 15.1
Acenaphthylene 72.6 70.4 90.5 77.8 11.0 14.2 80.2 72.2 65.0 72.4 7.62 10.5 71.8 81.6 80.8 78.0 5.43 6.96
Acenaphthene 70.5 68.7 84.4 74.5 8.6 11.5 79.6 79.6 61.3 73.5 10.6 14.4 70.4 78.2 67.7 72.1 5.46 7.58
Dibenzofuran-d8 SS#2 79.9 68.0 91.9 79.9 12.0 14.9 77.7 74.6 64.5 72.3 6.91 9.56 76.2 81.7 99.2 85.7 12.0 14.0
Dibenzofuran 68.8 74.8 84.5 76.0 7.90 10.4 71.7 67.4 60.9 66.7 5.41 8.12 69.0 80.2 93.5 80.9 12.2 15.1
Fluorene 69.5 77.2 78.9 75.2 5.01 6.66 88.6 80.7 78.0 82.4 5.54 6.72 86.4 102 99.2 95.7 8.19 8.56
Dibenzothiophene 64.3 74.8 80.1 73.1 8.04 11.0 90.1 87.4 70.3 82.6 10.7 13.0 72.8 80.9 91.7 81.8 9.45 11.5
Phenanthrene 57.9 60.9 77.4 65.4 10.5 16.1 73.8 72.3 70.1 72.1 1.86 2.58 74.5 89.7 70.2 78.1 10.3 13.1
Anthracene-d10 SS#3 77.5 83.4 87.0 82.6 4.79 5.80 81.9 78.6 75.3 78.6 3.28 4.17 72.3 88.1 78.4 79.6 8.00 10.0
Anthracene 62.2 56.1 77.4 65.2 11.0 16.8 92.1 85.6 82.9 86.9 4.73 5.44 62.3 75.1 81.4 72.9 9.72 13.3
Carbozole 61.6 67.0 75.5 68.0 6.97 10.2 58.0 53.9 53.4 55.1 2.53 4.59 69.0 82.1 96.5 82.6 13.8 16.7
4-methylbenzothiophene 57.4 61.8 70.3 63.2 6.54 10.3 62.0 55.8 57.7 58.5 3.18 5.44 85.2 103 98.2 95.3 9.06 9.50
2-methylphenanthrene 54.0 60.0 74.3 62.8 10.4 16.5 80.9 77.7 63.9 74.2 9.02 12.2 81.5 73.2 94.7 83.2 10.8 13.0
2-methylanthracene 66.2 73.6 78.4 72.7 6.12 8.42 91.3 87.6 69.4 82.8 11.7 14.2 80.9 97.5 77.7 85.4 10.6 12.5
1-methylphenanthrene 67.8 78.8 79.7 75.5 6.63 8.79 55.6 52.3 50.6 52.8 2.55 4.82 75.6 88.9 101 88.5 12.8 14.4
3,6-dimethylphenanthrene 62.4 70.1 87.9 73.4 13.1 17.8 68.2 66.2 64.1 66.2 2.05 3.09 73.6 81.8 97.2 84.2 12.0 14.2
Fluoranthene 76.3 83.9 90.7 83.6 7.19 8.60 82.9 80.4 72.1 78.5 5.64 7.19 74.3 87.4 75.9 79.2 7.16 9.04
Pyrene 75.5 65.3 86.5 75.8 10.6 14.0 53.6 52.5 46.1 50.7 4.06 8.00 64.7 79.9 84.4 76.3 10.3 13.5
Benzo (a) f luorene 63.1 70.1 89.0 74.1 13.4 18.1 89.4 89.4 81.3 86.7 4.64 5.36 46.5 55.3 58.3 53.4 6.17 11.6
1-methylpyrene 76.6 65.1 88.4 76.7 11.6 15.2 60.9 59.1 49.9 56.6 5.87 10.4 69.2 86.5 83.2 79.6 9.18 11.5
Benzo (a) anthracene - d12 SS# 71.0 67.7 90.9 76.5 12.6 16.4 59.1 53.8 44.9 52.6 7.17 13.6 70.8 86.4 104 87.1 16.7 19.2
Benzo (a) anthracene 78.2 64.6 86.2 76.3 10.9 14.3 96.7 88.9 88.9 91.5 4.46 4.88 72.2 81.1 87.4 80.2 7.62 9.50
Chrysene 74.0 78.7 90.5 81.1 8.52 10.5 75.6 71.8 71.8 73.1 2.18 2.99 72.7 87.6 100 86.8 13.7 15.8
5-methylchrysene 71.9 77.3 78.1 75.8 3.39 4.47 89.3 85.7 83.0 86.0 3.14 3.65 80.3 99.2 89.4 89.6 9.42 10.5
Benzo (b) f luoranthene 42.8 45.5 54.0 47.4 5.87 12.4 64.0 59.5 53.1 58.9 5.47 9.29 42.2 50.9 51.8 48.3 5.27 10.9
Benzo (k) f luoranthene 67.4 76.6 80.9 75.0 6.87 9.17 65.5 63.5 61.5 63.5 1.96 3.09 69.0 76.6 90.9 78.8 11.1 14.1
Benzo (e) pyrene 68.8 62.5 80.4 70.6 9.1 12.8 77.9 74.0 60.8 70.9 8.98 12.7 90.3 100 90.6 93.7 5.69 6.07
Benzo (a) pyrene - d12 SS#5 62.7 70.5 79.2 70.8 8.23 11.6 61.6 61.0 56.7 59.8 2.69 4.49 86.6 96.3 85.6 89.5 5.89 6.58
Benzo (a) Pyrene 54.4 62.5 63.8 60.2 5.12 8.50 62.4 58.1 49.9 56.8 6.34 11.2 70.6 83.1 70.4 74.7 7.24 9.69
Perylene 31.2 33.2 44.1 36.2 6.95 19.2 88.3 82.2 67.1 79.2 10.9 13.8 54.8 63.0 71.6 63.2 8.38 13.3
Indeno (1,2,3 - cd) pyrene 54.4 57.9 61.3 57.9 3.44 5.94 69.7 69.0 52.3 63.7 9.87 15.5 97.7 89.2 80.4 89.1 8.67 9.73
Dibenzo (a,h) anthracene 44.7 49.7 50.8 48.4 3.23 6.68 55.2 54.6 44.2 51.3 6.22 12.1 75.4 86.6 92.9 85.0 8.87 10.4
Benzo (g,h,i) perylene 52.6 55.9 63.2 57.2 5.41 9.46 67.2 63.8 50.4 60.5 8.89 14.7 61.9 73.7 61.2 65.6 7.02 10.7
Avg. total PAH recovery (%) 70.3 68.6 79.5
9
Solvent ID
20% MeCN                             
30% DCM                               
50% CH
30% MeCN                             
30% TOL                               
40% CH
40% ACE                               









1 2 3 Avg. StdDev %RSD
Naphthalene 47.2 44.4 43.9 45.2 1.79 3.96
Benzothiophene 51.2 60.9 59.4 57.2 5.23 9.15
2-methylnaphthalene 49.6 57.5 55.1 54.1 4.06 7.51
1-methylnaphthalene-d10 SS#1 58.4 56.1 57.8 57.4 1.22 2.12
Biphenyl 71.2 68.4 84.0 74.5 8.34 11.2
2-ethylnaphthalene 66.3 67.0 76.9 70.1 5.94 8.48
Acenaphthylene 59.1 65.0 53.2 59.1 5.91 10.0
Acenaphthene 55.2 50.8 54.6 53.5 2.41 4.49
Dibenzofuran-d8 SS#2 68.9 79.2 77.2 75.1 5.47 7.28
Dibenzofuran 75.8 83.4 81.1 80.1 3.89 4.86
Fluorene 68.3 70.3 73.1 70.6 2.40 3.40
Dibenzothiophene 51.2 48.1 54.8 51.4 3.33 6.48
Phenanthrene 66.8 76.2 70.1 71.0 4.74 6.67
Anthracene-d10 SS#3 76.4 74.1 70.3 73.6 3.09 4.20
Anthracene 72.9 83.1 66.3 74.1 8.45 11.4
Carbozole 68.3 74.4 71.0 71.3 3.08 4.32
4-methylbenzothiophene 59.7 55.5 69.3 61.5 7.04 11.4
2-methylphenanthrene 61.4 69.4 73.7 68.2 6.23 9.14
2-methylanthracene 78.6 71.5 85.7 78.6 7.07 9.00
1-methylphenanthrene 75.4 81.4 79.9 78.9 3.14 3.98
3,6-dimethylphenanthrene 72.9 84.6 86.8 81.4 7.45 9.15
Fluoranthene 66.1 65.4 78.0 69.8 7.07 10.1
Pyrene 70.9 85.1 75.2 77.0 7.28 9.44
Benzo (a) f luorene 70.5 83.9 68.4 74.3 8.41 11.3
1-methylpyrene 59.5 71.4 63.7 64.9 6.04 9.31
Benzo (a) anthracene - d12 SS# 67.8 65.8 78.0 70.5 6.54 9.27
Benzo (a) anthracene 64.3 64.9 70.1 66.4 3.17 4.77
Chrysene 70.9 70.9 67.4 69.7 2.05 2.94
5-methylchrysene 73.6 77.3 82.4 77.8 4.44 5.70
Benzo (b) f luoranthene 67.8 71.2 78.0 72.3 5.18 7.16
Benzo (k) f luoranthene 59.7 66.3 66.3 64.1 3.79 5.92
Benzo (e) pyrene 65.5 61.6 71.4 66.2 4.95 7.48
Benzo (a) pyrene - d12 SS#5 50.9 46.3 56.0 51.1 4.84 9.47
Benzo (a) Pyrene 69.9 78.3 69.2 72.5 5.06 6.98
Perylene 55.4 52.6 59.8 56.0 3.63 6.49
Indeno (1,2,3 - cd) pyrene 59.4 62.4 54.6 58.8 3.90 6.62
Dibenzo (a,h) anthracene 53.7 51.0 49.9 51.6 1.94 3.76
Benzo (g,h,i) perylene 48.7 51.6 51.1 50.5 1.57 3.10
Avg. total PAH recovery (%) 66.3
Solvent ID





Table A.2. Summary of the PAH (ng/g, dry wt) recoveries, std. deviation, and %RSD for final efficacy study. 
 
PAH
1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 7.57 8.49 8.77 8.28 0.623 7.53 8.42 8.71 7.82 8.32 0.453 5.45 8.73 8.64 9.42 8.93 0.430 4.82
Benzothiophene 8.52 10.0 7.84 8.78 1.10 12.5 8.75 9.14 8.46 8.78 0.340 3.87 8.28 8.04 8.28 8.20 0.139 1.70
2-methylnaphthalene 8.07 9.00 8.25 8.44 0.491 5.82 8.36 7.64 8.87 8.29 0.619 7.47 7.89 8.13 8.52 8.18 0.318 3.89
1-methylnaphthalene-d10 SS#1 8.00 9.75 9.11 8.95 0.886 9.90 9.28 9.46 9.82 9.52 0.275 2.89 10.1 9.68 10.8 10.2 0.554 5.44
Biphenyl 9.47 8.37 8.64 8.83 0.572 6.48 10.3 9.73 8.96 9.66 0.673 6.96 9.68 9.31 10.26 9.75 0.480 4.93
2-ethylnaphthalene 7.44 9.17 8.64 8.42 0.888 10.6 8.77 8.75 9.44 8.99 0.393 4.38 7.71 7.56 8.33 7.87 0.407 5.17
Acenaphthylene 8.42 9.23 8.61 8.75 0.420 4.80 8.67 8.18 9.25 8.70 0.536 6.16 8.64 8.8 8.90 8.78 0.132 1.51
Acenaphthene 7.16 7.45 8.25 7.62 0.561 7.36 8.45 8.98 8.58 8.67 0.278 3.21 7.98 8.40 8.22 8.20 0.211 2.57
Dibenzofuran-d8 SS#2 8.97 10.4 8.61 9.33 0.950 10.2 8.08 8.81 9.37 8.75 0.650 7.42 7.97 8.39 8.37 8.24 0.236 2.87
Dibenzofuran 7.69 9.16 8.58 8.48 0.739 8.72 9.16 9.57 10.1 9.61 0.472 4.91 9.41 9.05 9.98 9.48 0.467 4.93
Fluorene 6.84 7.32 7.72 7.29 0.443 6.08 8.22 8.98 7.26 8.15 0.86 10.6 8.11 7.95 8.03 8.03 0.080 0.99
Dibenzothiophene 7.68 7.13 7.21 7.34 0.296 4.03 8.91 9.54 9.49 9.31 0.351 3.77 8.24 8.16 8.65 8.35 0.265 3.17
Phenanthrene 9.04 8.70 9.26 9.00 0.280 3.11 9.14 8.56 9.65 9.12 0.544 5.97 9.35 9.35 10.1 9.60 0.432 4.50
Anthracene-d10 SS#3 7.52 7.99 7.91 7.81 0.251 3.22 9.77 8.60 8.49 8.95 0.710 7.93 8.79 8.45 9.49 8.91 0.531 5.96
Anthracene 7.70 9.9 9.30 8.98 1.15 12.9 8.93 8.49 9.40 8.94 0.455 5.09 7.63 7.63 7.94 7.74 0.176 2.28
Carbozole 7.58 8.77 8.50 8.29 0.625 7.55 9.87 8.72 9.02 9.20 0.597 6.48 7.05 7.34 7.40 7.27 0.189 2.60
4-methylbenzothiophene 8.86 8.99 9.57 9.14 0.379 4.15 10.50 8.69 8.16 9.12 1.226 13.5 7.64 7.56 7.94 7.71 0.202 2.62
2-methylphenanthrene 7.24 8.92 8.75 8.30 0.925 11.1 8.59 8.56 8.82 8.66 0.145 1.68 9.44 9.16 9.82 9.47 0.328 3.46
2-methylanthracene 7.47 9.76 8.91 8.71 1.16 13.3 9.80 9.40 9.44 9.55 0.219 2.30 9.26 8.82 9.91 9.33 0.548 5.87
1-methylphenanthrene 8.05 9.12 9.40 8.86 0.710 8.01 10.60 9.16 9.08 9.62 0.85 8.88 8.14 7.75 8.38 8.09 0.319 3.94
3,6-dimethylphenanthrene 8.49 9.06 8.27 8.61 0.405 4.71 9.72 8.99 10.5 9.72 0.73 7.54 9.14 8.79 7.68 8.54 0.763 8.94
Fluoranthene 8.84 9.87 9.32 9.34 0.517 5.54 9.95 9.80 9.75 9.83 0.10 1.06 8.19 8.53 8.27 8.33 0.178 2.14
Pyrene 9.45 9.99 9.41 9.62 0.324 3.37 8.51 9.02 9.73 9.09 0.613 6.75 7.79 7.64 7.72 7.72 0.076 0.99
Benzo (a) f luorene 6.57 8.56 8.17 7.77 1.06 13.6 8.98 7.35 7.68 8.00 0.863 10.8 6.78 7.06 6.98 6.94 0.146 2.10
1-methylpyrene 8.42 8.12 8.71 8.42 0.296 3.52 9.66 8.83 9.10 9.19 0.424 4.62 8.45 8.05 9.12 8.54 0.545 6.38
Benzo (a) anthracene - d12 SS#4 8.42 8.52 9.06 8.67 0.343 3.96 9.71 8.07 8.66 8.81 0.832 9.44 8.51 8.95 8.51 8.65 0.258 2.99
Benzo (a) anthracene 8.48 9.39 9.01 8.96 0.458 5.11 9.63 8.95 8.87 9.15 0.419 4.58 7.85 7.62 7.85 7.77 0.132 1.70
Chrysene 7.30 8.23 8.63 8.05 0.683 8.48 10.70 9.16 8.24 9.37 1.243 13.3 9.02 9.20 9.38 9.20 0.180 1.96
5-methylchrysene 7.80 9.02 9.67 8.83 0.950 10.8 8.10 9.37 9.83 9.10 0.895 9.84 7.71 7.95 7.71 7.79 0.138 1.77
Benzo (b) f luoranthene 6.08 6.03 6.42 6.17 0.211 3.42 9.53 8.43 8.96 8.97 0.550 6.13 6.74 6.42 6.94 6.70 0.264 3.94
Benzo (k) f luoranthene 8.14 8.41 9.84 8.80 0.913 10.4 9.33 8.57 9.21 9.04 0.407 4.51 8.51 8.11 9.11 8.58 0.504 5.87
Benzo (e) pyrene 9.16 9.75 8.86 9.26 0.451 4.87 8.34 9.17 10.2 9.24 0.938 10.2 8.64 8.55 8.81 8.66 0.132 1.52
Benzo (a) pyrene - d12 SS#5 8.10 9.16 9.44 8.90 0.708 7.95 8.37 8.53 8.45 8.45 0.081 0.954 7.13 7.36 7.56 7.35 0.214 2.91
Benzo (a) Pyrene 7.71 7.59 7.59 7.63 0.070 0.920 8.10 8.76 9.10 8.65 0.509 5.89 5.98 6.29 5.92 6.06 0.201 3.32
Perylene 7.36 7.87 7.23 7.49 0.339 4.53 8.74 7.91 8.24 8.30 0.418 5.03 6.31 6.50 6.37 6.40 0.100 1.56
Indeno (1,2,3 - cd) pyrene 7.66 7.80 7.04 7.50 0.404 5.38 8.82 8.40 8.14 8.45 0.341 4.04 6.73 6.41 7.00 6.72 0.295 4.40
Dibenzo (a,h) anthracene 7.24 7.43 7.48 7.38 0.131 1.78 8.51 7.56 7.50 7.86 0.567 7.21 6.56 6.56 7.02 6.71 0.265 3.95
Benzo (g,h,i) perylene 7.23 7.85 7.33 7.47 0.334 4.47 8.60 7.54 8.46 8.20 0.578 7.05 6.36 6.56 6.87 6.60 0.257 3.89
Avg. total PAH recovery (%) 83.8 89.3 81.5
10% ACE                            
20% MEK                            
70% CH
30% ACE                            
30% MEK                            
40% CH
40% ACE                            






Table A.2.  Summary of the PAH (ng/g, dry wt) recoveries, std. deviation, and %RSD for final efficacy study (continued). 
 
PAH
1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 6.80 6.29 6.83 6.64 0.303 4.56 8.38 7.37 8.96 8.24 0.802 9.74 9.30 9.20 9.28 9.26 0.050 0.535
Benzothiophene 8.24 7.47 7.14 7.62 0.564 7.40 8.18 7.69 9.73 8.54 1.06 12.5 9.07 8.40 9.49 8.99 0.551 6.13
2-methylnaphthalene 5.85 7.05 6.50 6.47 0.600 9.28 7.35 6.62 7.78 7.25 0.587 8.10 7.44 7.22 9.04 7.90 1.00 12.6
1-methylnaphthalene-d10 SS#1 7.45 8.37 6.19 7.33 1.091 14.9 8.27 7.85 8.97 8.36 0.567 6.78 10.1 9.74 9.83 9.90 0.205 2.07
Biphenyl 7.08 8.64 6.79 7.50 0.991 13.2 8.70 8.26 9.82 8.93 0.804 9.01 9.70 8.51 7.47 8.56 1.11 13.0
2-ethylnaphthalene 5.46 6.50 7.41 6.46 0.976 15.1 6.66 5.92 6.95 6.51 0.529 8.12 7.73 6.78 7.31 7.28 0.476 6.54
Acenaphthylene 7.18 6.16 8.08 7.14 0.959 13.4 7.54 6.56 8.30 7.47 0.873 11.7 7.22 7.60 8.89 7.90 0.876 11.1
Acenaphthene 7.04 7.82 6.77 7.21 0.546 7.58 7.42 6.60 8.08 7.37 0.737 10.0 8.67 8.34 8.19 8.40 0.248 2.96
Dibenzofuran-d8 SS#2 6.62 7.17 6.92 6.90 0.28 4.01 8.95 7.78 9.65 8.79 0.942 10.7 7.87 7.35 7.35 7.52 0.297 3.95
Dibenzofuran 6.90 8.02 9.35 8.09 1.22 15.1 8.27 7.28 8.82 8.12 0.782 9.63 8.04 7.18 7.41 7.54 0.446 5.91
Fluorene 8.64 10.2 9.92 9.57 0.819 8.56 8.54 7.34 9.06 8.31 0.881 10.6 9.71 8.45 8.53 8.90 0.709 7.97
Dibenzothiophene 7.28 8.09 9.17 8.18 0.945 11.5 9.51 9.04 9.70 9.42 0.341 3.63 6.81 7.17 7.39 7.12 0.296 4.15
Phenanthrene 7.45 8.97 7.02 7.81 1.03 13.1 7.68 7.06 8.15 7.63 0.546 7.15 10.2 10.1 9.08 9.82 0.642 6.54
Anthracene-d10 SS#3 7.23 8.81 7.84 7.96 0.800 10.0 7.90 6.96 8.61 7.82 0.829 10.6 6.52 6.86 6.43 6.61 0.227 3.44
Anthracene 6.23 7.51 8.14 7.29 0.972 13.3 9.06 7.89 8.75 8.57 0.610 7.12 7.90 7.90 8.66 8.16 0.439 5.38
Carbozole 6.90 8.21 9.65 8.26 1.38 16.7 7.18 6.32 8.22 7.24 0.951 13.1 7.78 7.07 6.87 7.24 0.478 6.61
4-methylbenzothiophene 8.52 10.3 9.82 9.53 0.906 9.50 8.23 7.82 9.88 8.64 1.09 12.6 5.15 5.31 5.43 5.30 0.139 2.63
2-methylphenanthrene 6.15 7.32 8.47 7.31 1.16 15.8 8.54 8.11 9.50 8.72 0.710 8.14 7.22 7.08 8.38 7.56 0.713 9.44
2-methylanthracene 8.09 9.75 7.77 8.54 1.06 12.5 6.90 6.07 7.80 6.93 0.865 12.5 7.30 6.52 6.71 6.84 0.407 5.95
1-methylphenanthrene 7.56 8.89 8.11 8.19 0.67 8.19 7.60 6.46 7.60 7.22 0.658 9.12 6.48 6.48 7.02 6.66 0.312 4.68
3,6-dimethylphenanthrene 7.36 8.18 8.72 8.09 0.68 8.45 9.31 8.75 9.84 9.30 0.544 5.84 8.17 7.23 8.49 7.96 0.655 8.22
Fluoranthene 7.43 8.74 7.59 7.92 0.716 9.04 7.08 6.59 7.74 7.14 0.575 8.06 7.66 7.44 6.70 7.27 0.502 6.92
Pyrene 6.47 7.99 8.44 7.63 1.03 13.5 8.64 7.24 7.62 7.83 0.724 9.24 9.40 9.90 8.61 9.30 0.647 6.95
Benzo (a) f luorene 4.65 5.53 5.83 5.34 0.617 11.6 5.47 5.09 5.95 5.50 0.433 7.86 4.77 4.63 4.17 4.52 0.313 6.91
1-methylpyrene 6.92 8.65 8.32 7.96 0.918 11.5 8.55 7.69 8.71 8.32 0.548 6.59 9.76 9.52 9.10 9.46 0.337 3.56
Benzo (a) anthracene - d12 SS#4 7.08 8.64 9.42 8.38 1.19 14.2 7.63 6.86 8.77 7.75 0.960 12.4 8.58 9.03 8.00 8.54 0.517 6.06
Benzo (a) anthracene 7.22 8.11 8.74 8.02 0.762 9.50 8.60 7.91 8.76 8.42 0.452 5.37 9.68 8.96 9.52 9.39 0.377 4.01
Chrysene 7.27 8.76 10.0 8.68 1.37 15.8 8.13 7.23 8.61 7.99 0.699 8.75 9.84 9.75 10.5 10.0 0.412 4.11
5-methylchrysene 8.03 9.92 8.94 8.96 0.942 10.5 9.10 7.73 9.19 8.67 0.815 9.39 10.3 10.8 8.63 9.91 1.136 11.5
Benzo (b) f luoranthene 4.22 5.09 5.18 4.83 0.527 10.9 4.01 3.65 4.64 4.10 0.504 12.3 6.21 5.86 5.97 6.01 0.180 2.99
Benzo (k) f luoranthene 6.90 7.66 9.09 7.88 1.11 14.1 8.98 8.44 10.1 9.18 0.860 9.37 10.1 10.2 9.91 10.1 0.146 1.45
Benzo (e) pyrene 9.03 10.0 9.06 9.37 0.569 6.07 10.2 9.22 9.87 9.78 0.518 5.30 8.71 11.0 10.1 9.96 1.17 11.8
Benzo (a) pyrene - d12 SS#5 8.66 9.63 8.56 8.95 0.589 6.58 9.35 8.51 9.94 9.27 0.719 7.76 9.34 9.16 9.24 9.25 0.092 0.99
Benzo (a) Pyrene 7.06 8.31 7.04 7.47 0.724 9.69 8.07 7.10 8.87 8.01 0.885 11.0 8.56 8.65 7.28 8.17 0.765 9.37
Perylene 5.48 6.30 7.16 6.32 0.838 13.3 6.72 6.36 7.82 6.97 0.760 10.91 6.61 6.24 6.12 6.32 0.255 4.04
Indeno (1,2,3 - cd) pyrene 9.77 8.92 8.04 8.91 0.867 9.73 6.88 6.12 6.88 6.62 0.437 6.59 8.44 9.16 7.16 8.25 1.01 12.3
Dibenzo (a,h) anthracene 7.54 8.66 9.29 8.50 0.887 10.4 7.41 7.04 8.28 7.58 0.633 8.36 8.84 9.30 8.75 8.96 0.297 3.31
Benzo (g,h,i) perylene 6.19 7.37 6.12 6.56 0.702 10.7 5.38 4.68 6.13 5.40 0.723 13.4 8.75 8.75 6.84 8.11 1.10 13.6
77.3 78.4 81.3
40% ACE                            
40% EA                             
20% ISO
30% ACE                            
30% EA                             
40% ISO
9C9B
50% ACE                            






Table A.2.  Summary of the PAH (ng/g, dry wt) recoveries, std. deviation, and %RSD for final efficacy study (continued). 
 
PAH
1 2 3 Avg. StdDev %RSD
Naphthalene 5.72 5.44 6.39 5.85 0.489 8.37
Benzothiophene 6.12 6.09 5.94 6.05 0.097 1.61
2-methylnaphthalene 5.96 5.75 5.51 5.74 0.228 3.96
1-methylnaphthalene-d10 SS#1 5.84 5.61 5.78 5.74 0.122 2.12
Biphenyl 7.12 6.84 8.40 7.45 0.834 11.2
2-ethylnaphthalene 6.63 6.70 7.69 7.01 0.594 8.48
Acenaphthylene 5.91 6.50 5.32 5.91 0.591 10.0
Acenaphthene 6.52 7.08 6.46 6.69 0.339 5.08
Dibenzofuran-d8 SS#2 6.89 7.92 7.72 7.51 0.547 7.28
Dibenzofuran 7.58 8.34 8.11 8.01 0.389 4.86
Fluorene 6.83 7.03 7.31 7.06 0.240 3.40
Dibenzothiophene 5.12 6.81 5.48 5.80 0.892 15.4
Phenanthrene 6.68 7.62 7.01 7.10 0.474 6.67
Anthracene-d10 SS#3 7.64 7.41 7.03 7.36 0.309 4.20
Anthracene 7.29 8.31 6.63 7.41 0.845 11.4
Carbozole 6.83 7.44 7.10 7.13 0.308 4.32
4-methylbenzothiophene 5.97 5.55 6.93 6.15 0.704 11.4
2-methylphenanthrene 6.14 6.94 7.37 6.82 0.623 9.14
2-methylanthracene 7.86 7.15 8.57 7.86 0.707 9.00
1-methylphenanthrene 7.54 8.14 7.99 7.89 0.314 3.98
3,6-dimethylphenanthrene 7.29 8.46 8.68 8.14 0.745 9.15
Fluoranthene 6.61 6.54 7.80 6.98 0.707 10.1
Pyrene 7.09 8.51 7.52 7.70 0.728 9.44
Benzo (a) f luorene 7.05 8.39 7.84 7.76 0.673 8.68
1-methylpyrene 6.95 7.14 6.37 6.82 0.403 5.91
Benzo (a) anthracene - d12 SS#4 6.78 6.58 7.80 7.05 0.654 9.27
Benzo (a) anthracene 6.43 6.49 7.01 6.64 0.317 4.77
Chrysene 7.09 7.09 6.74 6.97 0.205 2.94
5-methylchrysene 7.36 7.73 8.24 7.78 0.444 5.70
Benzo (b) f luoranthene 6.78 7.12 7.80 7.23 0.518 7.16
Benzo (k) f luoranthene 5.97 6.63 6.63 6.41 0.379 5.92
Benzo (e) pyrene 6.55 6.16 7.14 6.62 0.495 7.48
Benzo (a) pyrene - d12 SS#5 5.09 4.63 5.60 5.11 0.484 9.47
Benzo (a) Pyrene 6.99 7.83 6.92 7.25 0.506 6.98
Perylene 5.54 5.26 5.98 5.60 0.363 6.49
Indeno (1,2,3 - cd) pyrene 5.94 6.24 5.46 5.88 0.390 6.62
Dibenzo (a,h) anthracene 5.37 5.10 4.99 5.16 0.194 3.76
Benzo (g,h,i) perylene 4.87 5.16 5.11 5.05 0.157 3.10
67.5
Solvent ID





Table A.3. Summary of the PAH (ng/g, dry wt) recoveries, std. deviation, and %RSD for ultrasonic-assisted extraction study. 
 
PAH
1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 7.67 6.75 7.54 7.32 0.499 6.81 7.83 7.18 7.85 7.62 0.381 5.00 6.25 6.03 6.35 6.21 0.163 2.63
Benzothiophene 7.21 7.30 7.58 7.36 0.194 2.63 7.36 7.45 7.82 7.54 0.243 3.22 6.20 6.26 6.97 6.48 0.428 6.61
2-methylnaphthalene 6.64 7.03 6.97 6.88 0.212 3.08 6.77 7.48 7.26 7.17 0.362 5.05 5.95 6.83 6.13 6.30 0.463 7.35
1-methylnaphthalene-d10 SS#1 6.84 7.38 7.85 7.35 0.508 6.90 7.12 7.53 8.01 7.55 0.445 5.90 6.34 6.49 7.41 6.75 0.581 8.60
Biphenyl 7.83 8.09 7.68 7.87 0.205 2.60 8.24 8.51 8.17 8.31 0.179 2.16 7.51 6.55 7.46 7.17 0.536 7.47
2-ethylnaphthalene 8.23 7.89 7.73 7.95 0.257 3.23 8.40 8.31 8.22 8.31 0.089 1.07 6.85 6.23 5.67 6.25 0.590 9.44
Acenaphthylene 8.44 8.63 8.89 8.65 0.227 2.62 8.98 9.08 9.26 9.11 0.144 1.58 7.16 8.40 7.00 7.52 0.762 10.1
Acenaphthene 8.47 8.64 8.54 8.55 0.087 1.02 8.91 8.82 8.99 8.91 0.088 0.991 6.68 7.80 6.52 7.00 0.699 9.99
Dibenzofuran-d8 SS#2 8.28 7.99 7.75 8.01 0.266 3.32 8.72 8.15 8.07 8.31 0.351 4.22 7.28 7.92 7.27 7.49 0.375 5.01
Dibenzofuran 10.0 8.89 9.08 9.34 0.617 6.61 10.5 9.36 9.27 9.70 0.664 6.85 7.04 7.84 7.28 7.39 0.412 5.58
Fluorene 7.92 7.92 7.69 7.84 0.136 1.74 8.43 8.43 8.09 8.32 0.195 2.34 8.93 10.1 8.68 9.22 0.733 7.95
Dibenzothiophene 8.47 9.06 9.41 8.98 0.475 5.29 8.92 9.34 9.80 9.35 0.443 4.74 7.62 7.99 6.97 7.53 0.516 6.86
Phenanthrene 7.89 8.32 7.83 8.01 0.270 3.37 8.40 8.49 8.07 8.32 0.223 2.68 9.47 9.04 9.40 9.30 0.228 2.45
Anthracene-d10 SS#3 7.33 7.24 7.02 7.20 0.162 2.24 7.64 7.38 7.31 7.44 0.172 2.31 10.1 8.70 10.0 9.59 0.775 8.08
Anthracene 8.50 9.28 9.66 9.15 0.593 6.48 9.05 9.88 10.2 9.70 0.585 6.03 8.43 7.42 7.95 7.93 0.504 6.35
Carbozole 9.94 9.64 9.65 9.74 0.172 1.76 10.1 10.3 9.95 10.1 0.156 1.54 8.44 8.29 8.62 8.45 0.166 1.96
4-methylbenzothiophene 6.97 7.86 8.44 7.76 0.736 9.49 7.27 8.02 8.88 8.06 0.808 10.0 8.62 9.85 9.99 9.49 0.752 7.93
2-methylphenanthrene 7.47 8.13 7.80 7.80 0.333 4.27 7.94 8.38 8.30 8.21 0.234 2.85 7.57 7.39 8.67 7.88 0.689 8.75
2-methylanthracene 8.43 8.34 8.09 8.28 0.176 2.13 8.78 8.68 8.34 8.60 0.233 2.71 9.81 9.45 9.92 9.72 0.247 2.54
1-methylphenanthrene 7.51 7.34 7.86 7.57 0.270 3.56 7.90 7.72 8.11 7.91 0.193 2.44 8.85 8.62 9.42 8.96 0.411 4.59
3,6-dimethylphenanthrene 9.33 9.33 8.86 9.17 0.273 2.97 9.82 9.62 9.42 9.62 0.201 2.09 9.32 7.93 8.92 8.72 0.713 8.18
Fluoranthene 7.97 8.52 8.52 8.33 0.319 3.83 8.39 8.87 8.78 8.68 0.260 2.99 9.74 8.65 9.06 9.15 0.550 6.01
Pyrene 8.40 8.13 8.55 8.36 0.212 2.54 8.66 8.47 8.72 8.62 0.133 1.54 8.47 7.59 9.21 8.42 0.812 9.65
Benzo (a) f luorene 8.46 7.42 7.96 7.95 0.522 6.57 8.64 7.81 8.12 8.19 0.417 5.09 7.90 7.75 6.57 7.41 0.730 9.86
1-methylpyrene 8.21 8.12 7.72 8.01 0.263 3.29 8.55 8.46 8.04 8.35 0.274 3.29 8.86 8.30 9.41 8.86 0.553 6.24
Benzo (a) anthracene - d12 SS# 8.03 7.25 8.38 7.88 0.577 7.31 8.54 7.71 8.63 8.29 0.507 6.12 9.28 8.72 8.69 8.90 0.331 3.72
Benzo (a) anthracene 7.65 7.25 8.30 7.73 0.531 6.87 7.80 7.71 8.56 8.03 0.465 5.79 8.42 7.78 8.40 8.20 0.360 4.40
Chrysene 8.85 9.43 8.97 9.08 0.310 3.42 9.22 9.63 9.34 9.39 0.210 2.24 8.63 8.76 9.40 8.93 0.412 4.62
5-methylchrysene 8.38 8.87 9.05 8.76 0.345 3.94 8.55 9.14 9.23 8.97 0.370 4.12 10.8 9.91 10.9 10.6 0.554 5.25
Benzo (b) f luoranthene 8.00 7.58 7.97 7.85 0.235 2.99 8.24 7.97 8.21 8.14 0.147 1.81 7.14 7.99 8.73 7.95 0.797 10.0
Benzo (k) f luoranthene 7.53 8.31 8.05 7.96 0.394 4.94 8.01 8.47 8.39 8.29 0.245 2.96 8.55 7.50 8.40 8.15 0.569 6.99
Benzo (e) pyrene 8.72 8.33 8.51 8.52 0.193 2.27 9.17 8.86 8.77 8.94 0.211 2.36 10.5 9.82 10.3 10.2 0.369 3.61
Benzo (a) pyrene - d12 SS#5 7.06 8.02 7.73 7.60 0.489 6.44 7.44 8.18 7.97 7.86 0.384 4.89 10.4 9.14 10.6 10.1 0.797 7.92
Benzo (a) Pyrene 7.52 7.79 8.12 7.81 0.298 3.81 7.92 8.28 8.28 8.16 0.210 2.58 9.22 8.04 8.93 8.73 0.612 7.01
Perylene 6.73 7.07 7.22 7.00 0.253 3.61 7.16 7.52 7.37 7.35 0.182 2.48 7.09 7.29 7.84 7.41 0.388 5.23
Indeno (1,2,3 - cd) pyrene 7.26 7.68 7.41 7.45 0.211 2.84 7.64 7.92 7.72 7.76 0.141 1.81 9.44 8.90 8.77 9.04 0.357 3.95
Dibenzo (a,h) anthracene 6.95 7.02 7.24 7.07 0.153 2.16 7.39 7.39 7.47 7.42 0.043 0.575 9.65 8.73 9.18 9.19 0.461 5.02
Benzo (g,h,i) perylene 7.94 7.32 7.40 7.55 0.341 4.51 8.19 7.78 7.79 7.92 0.232 2.93 8.36 8.20 7.93 8.2 0.218 2.68
Avg. total PAH recovery (%) 80.5 83.8 82.8
6 min
Ultrasonic-assisted (25% Amplitude)
2 min 4 min
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1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 7.61 7.02 7.18 7.27 0.306 4.21 7.04 7.47 7.55 7.35 0.279 3.79 6.05 6.29 6.42 6.25 0.188 3.00
Benzothiophene 6.80 6.96 7.46 7.08 0.345 4.87 7.24 7.10 6.80 7.05 0.222 3.15 6.14 6.47 7.20 6.60 0.540 8.18
2-methylnaphthalene 7.19 6.54 6.82 6.85 0.326 4.76 7.65 6.88 7.03 7.19 0.405 5.63 6.20 7.05 6.20 6.49 0.488 7.53
1-methylnaphthalene-d10 SS#1 7.52 7.35 6.86 7.24 0.345 4.77 7.92 7.50 7.29 7.57 0.317 4.19 7.28 6.37 6.30 6.65 0.547 8.23
Biphenyl 7.27 7.20 6.84 7.11 0.233 3.28 7.58 7.35 7.05 7.33 0.264 3.60 7.60 7.64 7.39 7.54 0.135 1.79
2-ethylnaphthalene 7.97 7.45 7.67 7.70 0.260 3.38 7.18 7.68 7.82 7.56 0.336 4.45 6.79 6.50 5.79 6.36 0.515 8.10
Acenaphthylene 7.87 8.12 7.40 7.80 0.367 4.70 8.29 8.46 7.71 8.15 0.394 4.83 7.10 6.16 6.93 6.73 0.502 7.46
Acenaphthene 8.31 7.69 8.67 8.22 0.494 6.01 8.56 8.19 9.03 8.59 0.425 4.95 6.96 7.82 6.72 7.17 0.576 8.04
Dibenzofuran-d8 SS#2 8.21 7.48 7.62 7.77 0.387 4.99 8.55 7.87 8.02 8.15 0.357 4.38 7.36 8.17 7.27 7.60 0.497 6.54
Dibenzofuran 8.00 7.20 8.60 7.93 0.703 8.86 8.42 7.66 8.96 8.35 0.653 7.82 6.98 8.02 7.22 7.41 0.546 7.37
Fluorene 7.83 8.40 8.48 8.24 0.354 4.30 8.16 8.66 8.66 8.49 0.288 3.39 8.94 10.2 9.14 9.42 0.653 6.94
Dibenzothiophene 8.07 7.96 8.80 8.28 0.456 5.51 8.59 8.21 8.98 8.59 0.386 4.50 7.88 8.09 7.04 7.67 0.556 7.25
Phenanthrene 9.71 10.2 10.0 10.0 0.234 2.36 9.91 10.6 10.5 10.3 0.374 3.62 9.87 8.97 9.23 9.35 0.462 4.94
Anthracene-d10 SS#3 8.42 9.83 9.99 9.41 0.865 9.19 8.96 10.0 10.3 9.76 0.711 7.28 9.87 8.81 10.04 9.58 0.667 6.97
Anthracene 8.08 8.79 8.63 8.50 0.370 4.36 8.25 9.15 9.0 8.80 0.483 5.49 8.63 7.51 8.03 8.06 0.563 6.99
Carbozole 8.48 8.20 8.13 8.27 0.189 2.29 8.93 8.7 8.65 8.8 0.148 1.69 8.71 8.21 8.62 8.51 0.264 3.10
4-methylbenzothiophene 9.02 8.63 9.17 8.94 0.278 3.11 9.39 8.90 9.65 9.32 0.384 4.12 9.19 10.27 9.91 9.79 0.549 5.60
2-methylphenanthrene 9.68 10.0 9.42 9.69 0.268 2.77 10.1 10.6 9.71 10.1 0.442 4.36 7.98 7.32 8.42 7.91 0.553 6.99
2-methylanthracene 9.51 10.5 9.9 10.0 0.470 4.71 9.71 10.8 10.6 10.4 0.569 5.49 10.1 9.75 10.2 10.0 0.254 2.53
1-methylphenanthrene 7.73 8.53 8.45 8.24 0.438 5.31 8.14 8.79 8.71 8.55 0.355 4.15 9.04 8.89 9.51 9.15 0.326 3.56
3,6-dimethylphenanthrene 8.94 9.5 9.57 9.32 0.340 3.64 9.41 10.1 9.97 9.81 0.356 3.63 9.24 8.18 8.75 8.73 0.532 6.10
Fluoranthene 8.51 9.4 9.03 8.99 0.462 5.14 8.96 10.0 9.40 9.46 0.540 5.70 9.97 8.74 9.35 9.35 0.612 6.54
Pyrene 9.49 8.08 8.49 8.69 0.728 8.38 10.1 8.51 8.75 9.12 0.859 9.42 9.11 7.99 8.95 8.68 0.605 6.97
Benzo (a) f luorene 7.87 8.79 8.32 8.33 0.459 5.51 8.12 9.25 8.85 8.74 0.576 6.59 8.09 7.53 6.92 7.51 0.583 7.76
1-methylpyrene 8.27 8.93 9.17 8.79 0.464 5.28 8.53 9.30 9.55 9.13 0.533 5.84 9.26 8.65 9.43 9.11 0.409 4.49
Benzo (a) anthracene - d12 SS# 8.93 9.99 10.09 9.7 0.642 6.64 9.40 10.6 10.6 10.2 0.706 6.91 9.50 8.64 9.15 9.10 0.435 4.78
Benzo (a) anthracene 8.20 9.26 10.0 9.17 0.921 10.0 8.46 9.65 10.3 9.48 0.957 10.1 8.52 8.11 8.76 8.46 0.328 3.87
Chrysene 9.34 10.3 9.72 9.79 0.495 5.06 9.94 10.5 10.2 10.2 0.298 2.91 9.29 8.76 9.90 9.32 0.570 6.12
5-methylchrysene 8.24 9.17 9.12 8.84 0.522 5.90 8.59 9.36 9.70 9.22 0.572 6.20 11.2 9.92 10.7 10.6 0.650 6.13
Benzo (b) f luoranthene 8.95 7.71 9.72 8.79 1.017 11.6 9.13 8.20 10.1 9.15 0.965 10.5 7.39 8.09 8.75 8.08 0.678 8.40
Benzo (k) f luoranthene 8.25 8.97 9.54 8.92 0.648 7.27 8.59 9.54 9.74 9.29 0.612 6.58 8.74 7.66 8.66 8.35 0.598 7.17
Benzo (e) pyrene 9.85 9.61 9.52 9.66 0.171 1.77 10.3 10.0 9.81 10.0 0.224 2.24 10.4 10.0 10.4 10.3 0.234 2.27
Benzo (a) pyrene - d12 SS#5 8.23 10.1 9.37 9.23 0.936 10.1 8.75 10.5 9.97 9.74 0.897 9.21 10.9 9.63 10.4 10.3 0.631 6.13
Benzo (a) Pyrene 8.60 8.58 9.15 8.78 0.327 3.73 8.86 8.75 9.44 9.02 0.368 4.08 9.14 8.31 9.30 8.91 0.534 5.99
Perylene 8.09 8.34 9.17 8.54 0.565 6.62 8.61 8.51 9.36 8.83 0.464 5.26 7.25 7.30 7.85 7.47 0.332 4.44
Indeno (1,2,3 - cd) pyrene 8.41 8.68 9.16 8.75 0.382 4.36 8.76 9.24 9.55 9.18 0.395 4.31 9.67 8.92 8.87 9.15 0.448 4.89
Dibenzo (a,h) anthracene 8.30 8.99 8.41 8.57 0.369 4.31 8.74 9.36 8.67 8.93 0.381 4.27 9.88 8.66 9.10 9.21 0.615 6.67
Benzo (g,h,i) perylene 8.37 8.49 8.09 8.32 0.209 2.52 8.81 8.76 8.60 8.72 0.107 1.23 8.81 8.37 8.18 8.46 0.324 3.83










1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 7.67 6.75 6.46 6.96 0.633 9.09 6.61 6.87 6.33 6.60 0.274 4.15 6.84 6.17 6.03 6.34 0.431 6.80
Benzothiophene 6.77 7.30 6.35 6.81 0.475 6.98 6.80 6.89 6.26 6.65 0.342 5.14 5.71 6.08 6.98 6.26 0.653 10.44
2-methylnaphthalene 6.50 7.18 6.11 6.60 0.542 8.21 6.03 6.68 6.47 6.39 0.327 5.12 5.96 6.77 6.08 6.27 0.438 6.98
1-methylnaphthalene-d10 SS#1 6.98 7.08 6.53 6.86 0.292 4.26 6.28 7.05 6.93 6.75 0.413 6.11 6.77 6.05 6.84 6.55 0.439 6.70
Biphenyl 7.00 7.12 7.68 7.27 0.365 5.02 7.05 6.84 6.49 6.79 0.283 4.16 7.07 7.33 6.94 7.11 0.198 2.78
2-ethylnaphthalene 8.07 7.89 7.81 7.92 0.129 1.63 6.61 7.07 7.35 7.01 0.376 5.37 6.58 6.31 5.67 6.19 0.468 7.56
Acenaphthylene 8.44 7.72 7.08 7.74 0.682 8.80 7.79 7.87 7.32 7.66 0.295 3.85 6.67 7.75 6.52 6.98 0.671 9.62
Acenaphthene 8.29 8.46 8.72 8.49 0.219 2.57 8.14 7.78 8.40 8.10 0.314 3.87 6.47 7.51 6.59 6.86 0.566 8.26
Dibenzofuran-d8 SS#2 8.45 7.91 7.59 7.98 0.438 5.49 7.87 7.24 7.30 7.47 0.345 4.62 6.84 7.93 7.13 7.30 0.563 7.72
Dibenzofuran 9.62 8.89 8.80 9.11 0.451 4.95 8.08 7.20 8.15 7.81 0.531 6.79 6.63 7.86 7.08 7.19 0.624 8.67
Fluorene 8.26 8.18 7.61 8.01 0.356 4.44 7.67 8.40 7.88 7.98 0.375 4.70 8.76 9.96 8.69 9.14 0.713 7.80
Dibenzothiophene 8.38 9.15 8.41 8.65 0.435 5.03 7.90 7.88 8.62 8.13 0.422 5.19 7.64 7.77 6.69 7.37 0.591 8.02
Phenanthrene 7.81 7.98 7.66 7.82 0.159 2.04 9.41 9.65 9.55 9.54 0.118 1.24 9.08 8.43 8.86 8.79 0.328 3.73
Anthracene-d10 SS#3 7.33 7.24 6.87 7.15 0.243 3.41 8.42 9.43 9.68 9.18 0.668 7.28 9.38 8.46 9.64 9.16 0.621 6.78
Anthracene 8.68 9.28 8.66 8.88 0.353 3.97 7.59 8.42 8.27 8.09 0.445 5.49 8.03 7.05 7.79 7.62 0.507 6.65
Carbozole 9.74 9.84 9.35 9.64 0.260 2.70 8.22 8.20 7.87 8.10 0.198 2.44 8.18 8.05 8.45 8.23 0.205 2.49
4-methylbenzothiophene 7.05 7.54 8.61 7.73 0.801 10.4 8.74 8.10 9.27 8.70 0.586 6.73 8.45 9.75 9.62 9.27 0.713 7.69
2-methylphenanthrene 7.54 7.96 7.97 7.83 0.243 3.10 9.27 9.75 8.94 9.32 0.407 4.36 7.66 7.10 8.17 7.65 0.533 6.97
2-methylanthracene 8.43 8.16 8.17 8.25 0.151 1.83 9.22 10.2 10.3 9.91 0.594 5.99 9.41 9.36 9.93 9.56 0.317 3.31
1-methylphenanthrene 7.67 7.34 7.70 7.57 0.202 2.67 7.65 8.53 8.01 8.06 0.440 5.46 8.40 8.71 9.13 8.75 0.366 4.18
3,6-dimethylphenanthrene 9.24 9.33 8.23 8.93 0.606 6.783 9.03 9.66 9.37 9.35 0.316 3.38 8.97 8.02 8.23 8.40 0.499 5.93
Fluoranthene 7.88 8.52 8.26 8.22 0.320 3.89 8.15 9.43 8.75 8.78 0.640 7.29 9.57 8.22 8.98 8.92 0.677 7.59
Pyrene 8.23 8.04 8.46 8.24 0.208 2.53 9.49 8.08 8.14 8.57 0.801 9.34 8.93 7.75 8.50 8.39 0.596 7.10
Benzo (a) f luorene 8.21 7.42 7.96 7.86 0.402 5.11 7.63 8.42 8.49 8.18 0.479 5.85 7.60 7.08 6.57 7.08 0.513 7.25
1-methylpyrene 8.04 8.04 7.72 7.93 0.186 2.34 8.02 8.74 9.27 8.67 0.627 7.23 8.89 8.13 9.15 8.72 0.527 6.04
Benzo (a) anthracene - d12 SS# 8.37 7.48 8.20 8.02 0.472 5.89 8.93 9.67 9.88 9.49 0.498 5.24 9.21 8.46 8.79 8.82 0.377 4.27
Benzo (a) anthracene 7.41 7.33 8.30 7.68 0.540 7.03 8.12 9.07 9.73 8.97 0.809 9.02 8.09 7.71 8.24 8.01 0.274 3.41
Chrysene 8.94 9.34 8.15 8.81 0.604 6.86 9.14 9.69 9.41 9.42 0.274 2.91 8.73 8.41 9.50 8.88 0.562 6.33
5-methylchrysene 8.04 8.96 8.86 8.62 0.506 5.87 8.16 8.70 8.93 8.60 0.396 4.61 10.3 9.42 10.5 10.1 0.573 5.68
Benzo (b) f luoranthene 7.91 7.74 8.05 7.90 0.158 1.99 8.49 7.54 9.72 8.58 1.093 12.7 6.95 7.60 8.40 7.65 0.726 9.49
Benzo (k) f luoranthene 7.61 7.97 8.22 7.93 0.306 3.85 7.82 8.68 8.96 8.49 0.594 7.00 8.21 7.43 8.40 8.01 0.512 6.39
Benzo (e) pyrene 8.72 8.51 8.60 8.61 0.105 1.21 9.75 9.51 9.32 9.53 0.213 2.24 10.1 9.83 9.81 9.92 0.175 1.76
Benzo (a) pyrene - d12 SS#5 7.14 7.69 7.57 7.47 0.290 3.89 8.32 9.98 9.37 9.22 0.841 9.12 10.0 9.14 10.08 9.75 0.522 5.35
Benzo (a) Pyrene 7.44 8.03 8.03 7.84 0.341 4.35 8.42 8.23 8.78 8.47 0.279 3.29 8.95 8.14 9.12 8.74 0.523 5.99
Perylene 7.01 7.29 7.07 7.13 0.147 2.07 8.09 7.92 8.71 8.24 0.414 5.02 7.10 7.16 7.61 7.29 0.280 3.84
Indeno (1,2,3 - cd) pyrene 7.03 7.52 7.48 7.35 0.272 3.70 8.32 8.50 8.88 8.57 0.284 3.31 9.38 8.56 8.60 8.85 0.460 5.20
Dibenzo (a,h) anthracene 6.95 7.24 7.02 7.07 0.155 2.19 7.95 8.52 7.89 8.12 0.347 4.27 9.28 8.40 8.91 8.87 0.442 4.98
Benzo (g,h,i) perylene 7.94 7.39 7.64 7.66 0.276 3.61 8.10 8.06 8.17 8.11 0.058 0.71 8.11 8.04 7.86 8.00 0.131 1.63
Avg. total PAH recovery (%) 79.1 83.1 80.8





Table A.3. Summary of the PAH (ng/g, dry wt) recoveries, std. deviation, and %RSD for ultrasonic-assisted extraction study 
(continued). 
PAH
1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 8.84 8.28 8.84 8.65 0.322 3.73 8.38 8.28 8.93 8.53 0.351 4.11 9.20 9.66 9.20 9.36 0.266 2.84
Benzothiophene 8.05 6.78 7.13 7.32 0.661 9.03 7.75 7.45 7.83 7.68 0.203 2.65 7.75 7.45 7.83 7.68 0.203 2.65
2-methylnaphthalene 7.60 7.45 7.52 7.52 0.075 1.00 7.92 7.76 7.84 7.84 0.078 1.00 7.92 7.76 7.84 7.84 0.078 1.00
1-methylnaphthalene-d10 SS#1 8.09 7.93 7.78 7.93 0.156 1.96 8.89 8.72 8.55 8.72 0.171 1.96 8.89 8.72 8.55 8.72 0.171 1.96
Biphenyl 8.70 8.09 7.86 8.22 0.435 5.29 8.19 8.61 8.36 8.39 0.211 2.51 8.19 8.61 8.36 8.39 0.211 2.51
2-ethylnaphthalene 8.02 8.43 9.18 8.54 0.590 6.91 8.44 8.87 8.61 8.64 0.217 2.51 8.44 8.87 8.61 8.64 0.217 2.51
Acenaphthylene 7.06 7.21 7.21 7.16 0.083 1.17 7.85 8.01 8.01 7.96 0.093 1.17 7.85 8.01 8.01 7.96 0.093 1.17
Acenaphthene 8.01 7.08 7.08 7.39 0.536 7.26 7.30 7.37 7.37 7.35 0.043 0.579 7.30 7.37 7.37 7.35 0.043 0.579
Dibenzofuran-d8 SS#2 8.10 8.68 8.26 8.35 0.300 3.59 8.61 9.23 8.79 8.88 0.319 3.59 8.61 9.23 8.79 8.88 0.319 3.59
Dibenzofuran 8.46 8.06 8.13 8.22 0.214 2.60 8.40 8.95 8.04 8.46 0.460 5.43 9.40 8.95 9.04 9.13 0.238 2.60
Fluorene 7.53 7.32 7.17 7.34 0.180 2.46 8.10 7.87 7.71 7.89 0.194 2.46 8.10 7.87 7.71 7.89 0.194 2.46
Dibenzothiophene 8.51 8.44 6.57 7.84 1.098 14.0 6.85 6.78 6.92 6.85 0.069 1.01 6.85 6.78 6.92 6.85 0.069 1.01
Phenanthrene 8.94 8.02 8.52 8.49 0.462 5.44 9.22 8.27 8.78 8.76 0.477 5.44 9.22 8.27 8.78 8.76 0.477 5.44
Anthracene-d10 SS#3 8.48 7.63 7.12 7.75 0.685 8.84 8.13 8.30 7.74 8.06 0.284 3.53 8.13 8.30 7.74 8.06 0.284 3.53
Anthracene 8.30 8.64 8.39 8.44 0.176 2.09 8.74 9.09 8.83 8.89 0.186 2.09 8.74 9.09 8.83 8.89 0.186 2.09
Carbozole 8.21 8.29 7.89 8.13 0.210 2.58 8.55 8.64 8.22 8.47 0.219 2.58 8.55 8.64 8.22 8.47 0.219 2.58
4-methylbenzothiophene 8.34 8.92 8.17 8.48 0.394 4.64 9.06 8.70 8.58 8.78 0.250 2.84 9.06 9.70 8.88 9.21 0.428 4.64
2-methylphenanthrene 8.89 8.29 7.52 8.23 0.690 8.38 8.14 8.55 7.75 8.14 0.402 4.93 8.14 8.55 7.75 8.14 0.402 4.93
2-methylanthracene 8.48 9.34 7.64 8.48 0.851 10.0 7.96 7.80 8.12 7.96 0.159 2.00 7.96 7.80 8.12 7.96 0.159 2.00
1-methylphenanthrene 8.62 8.12 8.29 8.34 0.252 3.02 9.07 8.55 8.72 8.78 0.265 3.02 9.07 8.55 8.72 8.78 0.265 3.02
3,6-dimethylphenanthrene 8.15 7.61 7.76 7.84 0.279 3.55 8.49 7.93 8.08 8.17 0.290 3.55 8.49 7.93 8.08 8.17 0.290 3.55
Fluoranthene 8.80 8.13 8.46 8.46 0.335 3.95 8.78 9.03 8.40 8.74 0.318 3.64 9.78 9.03 9.40 9.41 0.372 3.95
Pyrene 8.31 8.17 8.31 8.26 0.080 0.967 9.03 8.97 8.12 8.71 0.510 5.86 9.03 9.97 9.03 9.35 0.541 5.79
Benzo (a) f luorene 8.13 7.63 7.13 7.63 0.500 6.55 7.35 7.87 7.35 7.52 0.299 3.97 7.35 7.87 7.35 7.52 0.299 3.97
1-methylpyrene 7.54 7.69 7.39 7.54 0.149 1.98 8.11 8.27 7.95 8.11 0.161 1.98 8.11 8.27 7.95 8.11 0.161 1.98
Benzo (a) anthracene - d12 SS# 8.82 7.99 8.56 8.46 0.423 5.00 8.69 8.78 9.41 8.96 0.391 4.36 9.69 8.78 9.41 9.29 0.465 5.00
Benzo (a) anthracene 9.00 7.91 8.12 8.34 0.576 6.90 8.78 8.60 9.40 8.93 0.421 4.72 9.78 8.60 9.40 9.26 0.602 6.50
Chrysene 8.11 8.36 7.87 8.11 0.243 2.99 8.36 8.61 8.11 8.36 0.250 2.99 8.36 8.61 8.11 8.36 0.250 2.99
5-methylchrysene 8.28 8.53 8.44 8.42 0.129 1.54 8.53 8.79 8.71 8.68 0.133 1.54 8.53 8.79 8.71 8.68 0.133 1.54
Benzo (b) f luoranthene 7.59 5.54 5.65 6.26 1.155 18.5 6.22 6.16 6.28 6.22 0.062 0.990 6.22 6.16 6.28 6.22 0.062 0.990
Benzo (k) f luoranthene 8.01 7.69 8.09 7.93 0.210 2.65 8.80 8.45 8.89 8.71 0.231 2.65 8.80 8.45 8.89 8.71 0.231 2.65
Benzo (e) pyrene 9.10 9.01 8.67 8.93 0.229 2.57 9.23 8.91 9.53 9.22 0.310 3.36 10.00 9.91 9.53 9.81 0.252 2.57
Benzo (a) pyrene - d12 SS#5 8.24 8.57 8.24 8.35 0.191 2.28 8.95 8.31 8.95 8.74 0.370 4.24 8.95 9.31 8.95 9.07 0.207 2.28
Benzo (a) Pyrene 6.96 7.04 6.96 6.99 0.042 0.597 7.18 7.25 7.18 7.20 0.043 0.597 7.18 7.25 7.18 7.20 0.043 0.597
Perylene 6.41 5.86 6.28 6.18 0.285 4.60 6.67 6.11 6.54 6.44 0.297 4.60 6.67 6.11 6.54 6.44 0.297 4.60
Indeno (1,2,3 - cd) pyrene 6.20 6.14 6.14 6.16 0.035 0.572 6.89 6.82 6.82 6.85 0.039 0.572 6.89 6.82 6.82 6.85 0.039 0.572
Dibenzo (a,h) anthracene 7.04 6.65 6.32 6.67 0.361 5.41 7.82 6.39 6.13 6.78 0.909 13.41 7.82 7.39 8.13 7.78 0.370 4.75
Benzo (g,h,i) perylene 6.07 6.21 6.74 6.34 0.349 5.51 6.45 6.59 7.09 6.71 0.338 5.04 7.45 7.59 7.09 7.38 0.258 3.50
Avg. total PAH recovery (%) 78.3 81.1 82.8
2 min
Shaken


















#1 #2 #3 #4 #5 Avg.
Traditioanl dSPE 150/50/50 0.28957 0.44069 0.45386 0.35886 0.30113 0.36882
+25% dSPE 188/63/63 0.18289 0.19691 0.16019 0.15496 0.21748 0.18248
-25% dSPE 113/38/38 0.65534 0.60009 0.67634 0.56276 0.48515 0.59594
Cleanup        
regime
MgSO4/C18/PSA 
Composition     
(mg)/ml
Co-extractable (% by wt)
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1 2 3 4 5 Avg. StdDev %RSD 1 2 3 4 5 Avg. StdDev %RSD 1 2 3 4 5 Avg. StdDev %RSD
Naphthalene 6.60 7.27 5.86 6.99 6.28 6.60 0.558 8.5 7.48 7.25 7.48 7.78 7.88 7.57 0.254 3.35 6.11 6.38 5.58 6.53 5.66 6.05 0.423 6.98
Benzothiophene 7.61 8.06 7.88 8.71 6.38 7.73 0.853 11.0 8.46 7.26 7.40 7.53 7.33 7.60 0.493 6.49 6.67 6.94 6.86 7.77 6.08 6.87 0.609 8.87
2-methylnaphthalene 7.71 9.52 6.58 8.62 6.34 7.75 1.35 17.4 7.69 8.75 7.28 8.88 6.48 7.82 1.011 12.9 6.88 8.35 5.91 7.37 5.56 6.81 1.13 16.5
1-methylnaphthalene-d10 SS#1 8.36 9.42 7.12 7.33 6.12 7.67 1.26 16.4 7.22 8.00 6.71 7.58 8.15 7.53 0.585 7.77 7.14 8.05 5.77 6.60 5.37 6.59 1.07 16.3
Biphenyl 6.94 8.85 7.81 6.96 7.33 7.58 0.796 10.5 7.63 7.35 7.83 6.63 6.43 7.17 0.617 8.60 6.48 8.12 7.23 6.32 6.60 6.95 0.738 10.6
2-ethylnaphthalene 8.78 7.51 6.75 7.07 5.67 7.16 1.13 15.8 7.51 7.28 7.91 7.21 7.66 7.51 0.286 3.80 7.91 7.02 5.32 6.73 5.07 6.41 1.20 18.7
Acenaphthylene 8.83 9.18 7.68 8.38 7.60 8.33 0.695 8.34 7.71 7.32 7.40 8.42 7.32 7.63 0.468 6.13 8.03 8.50 6.62 7.68 6.73 7.51 0.820 10.9
Acenaphthene 8.03 8.42 6.59 8.87 6.73 7.73 1.02 13.2 8.58 8.40 8.98 8.84 8.75 8.71 0.225 2.58 6.87 8.02 5.89 7.64 5.90 6.86 0.977 14.2
Dibenzofuran-d8 SS#2 8.07 10.1 7.16 9.00 7.19 8.30 1.25 15.0 7.70 7.54 8.32 8.01 7.78 7.87 0.303 3.85 6.67 8.69 6.19 8.04 6.79 7.27 1.05 14.4
Dibenzofuran 8.04 8.30 7.30 8.48 6.88 7.80 0.683 8.76 8.69 8.42 8.87 8.52 8.17 8.53 0.264 3.10 7.24 7.54 6.96 7.64 6.31 7.14 0.536 7.51
Fluorene 8.81 8.22 9.05 9.72 9.49 9.06 0.587 6.48 8.57 8.05 8.40 8.91 8.40 8.47 0.313 3.70 8.23 7.34 7.74 9.09 8.25 8.13 0.654 8.04
Dibenzothiophene 8.13 9.83 8.60 8.81 7.04 8.48 1.02 12.0 8.35 9.17 8.35 8.18 8.52 8.51 0.385 4.53 7.67 9.02 7.42 7.53 6.71 7.67 0.843 11.0
Phenanthrene 10.3 9.54 9.30 8.45 9.04 9.32 0.677 7.26 9.87 9.87 9.77 9.47 9.47 9.69 0.202 2.09 9.19 8.37 8.08 7.82 8.00 8.29 0.538 6.49
Anthracene-d10 SS#3 9.67 9.92 8.98 9.85 10.2 9.72 0.460 4.73 10.1 9.37 9.7 9.7 10.1 9.79 0.314 3.20 8.40 9.10 8.39 9.12 8.79 8.76 0.358 4.08
Anthracene 10.4 9.04 7.76 6.98 8.08 8.45 1.31 15.5 8.36 8.18 8.94 8.44 8.11 8.41 0.328 3.90 9.12 8.29 6.75 6.40 7.09 7.53 1.14 15.1
Carbozole 9.19 8.61 9.41 8.13 7.87 8.64 0.662 7.66 8.13 9.87 8.72 7.79 8.13 8.53 0.822 9.6 7.86 8.20 8.55 7.19 7.43 7.85 0.555 7.07
4-methylbenzothiophene 8.82 8.57 9.73 10.1 10.3 9.50 0.764 8.05 9.17 9.17 9.26 9.45 8.90 9.19 0.199 2.16 8.09 7.39 9.27 9.18 9.33 8.65 0.872 10.1
2-methylphenanthrene 8.53 10.0 7.28 6.70 8.08 8.13 1.29 15.8 9.81 9.32 9.22 10.3 9.71 9.67 0.430 4.44 7.68 8.89 6.80 6.38 7.48 7.45 0.961 12.9
2-methylanthracene 8.62 9.05 8.09 9.81 10.5 9.22 0.963 10.4 9.9 9.63 9.85 9.95 9.0 9.66 0.373 3.86 7.76 7.74 7.29 8.76 9.3 8.2 0.833 10.2
1-methylphenanthrene 9.30 9.11 9.04 8.71 9.75 9.18 0.385 4.19 8.71 10.30 8.10 8.97 8.80 8.98 0.810 9.02 8.16 7.93 8.37 7.91 8.63 8.20 0.306 3.73
3,6-dimethylphenanthrene 9.87 8.31 8.22 9.27 9.49 9.03 0.733 8.1 9.87 9.47 9.38 9.87 9.87 9.69 0.247 2.54 8.97 7.84 7.75 8.06 8.55 8.24 0.515 6.25
Fluoranthene 10.8 8.90 8.12 9.39 9.94 9.43 1.01 10.7 9.40 8.46 9.22 9.50 9.22 9.16 0.408 4.45 9.46 8.16 7.38 8.03 9.04 8.41 0.830 9.86
Pyrene 7.99 8.83 9.47 8.46 9.29 8.81 0.606 6.88 8.05 9.15 8.13 7.73 8.97 8.40 0.620 7.38 7.39 7.74 8.16 7.35 8.76 7.88 0.590 7.48
Benzo (a) f luorene 8.16 8.33 8.2 7.05 6.78 7.69 0.72 9.4 9.85 8.49 8.14 8.49 9.32 8.86 0.703 7.94 7.70 7.78 9.63 6.71 6.22 7.61 1.31 17.2
1-methylpyrene 9.41 9.13 8.68 9.55 10.1 9.36 0.509 5.43 8.79 8.98 8.53 9.35 8.88 8.90 0.301 3.38 9.03 8.01 7.61 8.68 8.74 8.42 0.584 6.94
Benzo (a) anthracene - d12 SS# 7.78 9.31 8.74 7.57 9.54 8.59 0.890 10.4 8.92 10.10 8.89 9.49 9.39 9.36 0.495 5.29 7.41 8.70 8.17 7.21 8.23 7.94 0.621 7.82
Benzo (a) anthracene 8.72 9.76 9.45 8.07 8.76 8.95 0.665 7.42 10.2 9.42 9.6 10.0 10.20 9.88 0.377 3.82 9.50 8.71 8.29 7.20 8.19 8.38 0.836 9.98
Chrysene 9.53 9.08 10.4 8.71 9.97 9.53 0.666 6.99 10.4 9.82 9.91 10.1 9.6 9.98 0.308 3.09 8.36 8.11 9.17 8.21 8.52 8.48 0.420 4.96
5-methylchrysene 9.11 9.18 8.34 10.7 11.0 9.66 1.13 11.7 9.51 8.93 8.84 9.89 9.70 9.37 0.467 4.98 8.68 8.42 7.79 9.66 9.8 8.9 0.847 9.55
Benzo (b) f luoranthene 7.29 7.99 8.99 8.70 9.18 8.43 0.783 9.3 10.2 9.62 10.1 9.92 9.72 9.92 0.254 2.56 6.88 7.40 8.03 7.70 8.50 7.70 0.617 8.01
Benzo (k) fluoranthene 8.60 9.52 9.01 7.27 9.75 8.83 0.978 11.1 9.35 9.86 8.97 9.07 9.25 9.30 0.346 3.72 8.11 8.28 8.34 6.93 8.79 8.09 0.695 8.59
Benzo (e) pyrene 10.1 8.86 10.5 9.00 9.86 9.65 0.693 7.18 9.71 9.13 9.91 9.71 8.94 9.48 0.422 4.46 8.82 7.57 9.02 9.12 9.21 8.75 0.675 7.71
Benzo (a) pyrene - d12 SS#5 8.68 8.54 8.43 8.81 9.21 8.73 0.300 3.44 9.37 9.07 8.99 9.56 9.46 9.29 0.246 2.65 8.27 7.43 7.96 8.23 8.5 8.08 0.417 5.16
Benzo (a) Pyrene 8.44 7.75 8.68 8.66 10.6 8.83 1.06 12.1 9.15 9.87 9.34 8.88 8.97 9.24 0.392 4.25 7.89 7.31 8.04 7.47 9.31 8.00 0.787 9.83
Perylene 7.57 7.54 9.30 7.58 7.27 7.85 0.819 10.4 9.08 9.52 8.86 9.26 9.17 9.18 0.242 2.64 6.64 7.18 8.69 6.89 6.61 7.20 0.863 12.0
Indeno (1,2,3 - cd) pyrene 9.39 8.72 9.72 8.94 8.80 9.12 0.426 4.68 8.97 8.59 8.88 8.52 8.97 8.79 0.216 2.45 8.10 7.58 8.84 7.77 7.93 8.04 0.482 5.99
Dibenzo (a,h) anthracene 7.54 9.36 8.58 7.79 9.47 8.55 0.882 10.3 8.67 8.07 8.85 8.33 8.85 8.55 0.345 4.03 6.73 8.21 7.59 7.35 8.46 7.67 0.690 9.00
Benzo (g,h,i) perylene 8.09 7.93 7.77 8.72 8.59 8.22 0.417 5.07 8.43 8.17 8.09 8.01 7.92 8.12 0.194 2.38 7.09 6.89 7.19 8.30 7.95 7.49 0.608 8.12
Avg. total PAH recovery (%) 85.7 88.0 77.5
Traditional dSPE +25% dSPE -25% dSPE
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Table A.6. PAH (ng/g, dry wt) quantitative results for the enhanced and traditional extraction protocol comparison 
 
PAH
1 2 3 Avg. StdDev %RSD 1 2 3 Avg. StdDev %RSD
Naphthalene 7.38 8.11 8.48 7.99 0.561 7.02 9.19 8.69 8.37 8.75 0.413 4.71
Benzothiophene 8.58 8.89 7.82 8.43 0.553 6.56 8.54 7.25 7.62 7.80 0.662 8.49
2-methylnaphthalene 8.18 7.85 8.40 8.14 0.275 3.38 7.90 7.52 7.97 7.80 0.242 3.11
1-methylnaphthalene-d10 SS#1 7.69 8.61 7.41 7.90 0.628 7.94 8.66 8.33 8.01 8.33 0.322 3.86
Biphenyl 8.66 8.43 8.42 8.50 0.135 1.59 8.87 8.34 8.02 8.41 0.434 5.16
2-ethylnaphthalene 8.57 8.97 7.80 8.45 0.595 7.05 8.18 8.85 8.72 8.58 0.356 4.15
2-ring avg. PAH recovery (%) 82.4 82.8 -0.53
Acenaphthylene 9.07 9.35 10.2 9.54 0.582 6.10 7.06 7.35 7.35 7.26 0.167 2.30
Acenaphthene 9.63 9.35 8.99 9.32 0.317 3.40 7.49 7.29 7.15 7.31 0.171 2.34
Dibenzofuran-d8 SS#2 9.59 8.97 8.64 9.07 0.482 5.32 8.34 7.29 7.84 7.82 0.525 6.71
Dibenzofuran 10.7 10.0 9.27 9.98 0.702 7.04 8.80 7.30 7.06 7.72 0.942 12.2
Fluorene 8.68 8.76 8.90 8.78 0.111 1.26 7.98 7.68 7.17 7.61 0.410 5.38
Dibenzothiophene 9.18 9.71 10.8 9.89 0.815 8.24 8.68 7.52 6.97 7.72 0.873 11.3
Phenanthrene 8.82 9.17 8.15 8.71 0.519 5.96 7.94 7.34 7.03 7.44 0.463 6.22
Anthracene-d10 SS#3 8.25 7.83 7.97 8.02 0.215 2.68 7.48 7.63 7.20 7.44 0.223 2.99
Anthracene 9.41 9.98 10.1 9.82 0.359 3.66 7.72 7.81 7.12 7.55 0.375 4.97
Carbozole 10.2 9.21 10.4 10.0 0.662 6.64 7.29 6.87 7.05 7.07 0.211 2.98
4-methylbenzothiophene 8.99 8.50 9.59 9.03 0.545 6.04 8.42 7.49 7.66 7.86 0.496 6.31
2-methylphenanthrene 8.42 8.89 8.55 8.62 0.241 2.80 8.07 7.29 7.59 7.65 0.393 5.14
2-methylanthracene 9.57 9.55 8.67 9.26 0.514 5.55 7.74 6.99 7.64 7.46 0.41 5.45
1-methylphenanthrene 8.98 8.64 8.03 8.55 0.483 5.65 8.14 7.21 7.78 7.71 0.469 6.08
3,6-dimethylphenanthrene 10.6 9.90 10.4 10.3 0.359 3.49 7.64 7.69 6.76 7.36 0.522 7.09
3-ring avg. PAH recovery (%) 92.6 75.3 22.9
Fluoranthene 8.72 8.78 9.49 9.00 0.425 4.73 7.24 7.70 6.81 7.25 0.445 6.14
Pyrene 9.53 8.64 8.98 9.05 0.449 4.97 7.03 7.34 7.73 7.37 0.349 4.74
Benzo (a) f luorene 8.81 8.73 9.12 8.89 0.206 2.32 7.46 7.71 6.20 7.12 0.809 11.4
1-methylpyrene 9.23 9.22 8.68 9.04 0.317 3.50 7.69 7.15 7.39 7.41 0.272 3.67
Benzo (a) anthracene - d12 SS#4 8.62 8.25 8.98 8.62 0.364 4.23 7.99 7.13 6.61 7.24 0.697 9.62
Benzo (a) anthracene 9.04 9.75 9.07 9.29 0.400 4.31 7.45 7.71 6.23 7.13 0.790 11.1
Chrysene 9.68 10.1 9.99 9.93 0.222 2.24 7.19 7.36 6.89 7.15 0.238 3.33
5-methylchrysene 8.55 9.78 9.14 9.16 0.615 6.72 7.86 7.70 6.95 7.50 0.484 6.45
4-ring avg. PAH recovery (%) 91.8 73.0 25.8
Benzo (b) f luoranthene 8.66 9.21 8.79 8.89 0.292 3.28 7.75 6.54 5.88 6.72 0.95 14.1
Benzo (k) f luoranthene 8.82 9.15 9.89 9.29 0.551 5.94 7.25 7.15 6.57 6.99 0.367 5.26
Benzo (e) pyrene 8.54 8.22 9.48 8.74 0.653 7.47 7.47 6.69 7.01 7.06 0.390 5.52
Benzo (a) pyrene - d12 SS#5 8.66 8.43 8.37 8.48 0.155 1.82 7.24 7.65 6.44 7.11 0.615 8.66
Benzo (a) Pyrene 9.08 8.45 8.28 8.60 0.419 4.87 6.96 7.04 6.17 6.72 0.480 7.15
Perylene 8.16 8.82 8.94 8.64 0.422 4.89 6.86 6.27 6.34 6.49 0.318 4.89
5-ring avg. PAH recovery (%) 88.2 69.3 27.2
Indeno (1,2,3 - cd) pyrene 8.64 8.55 8.41 8.53 0.118 1.38 6.39 6.20 6.33 6.31 0.094 1.49
Dibenzo (a,h) anthracene 8.91 8.54 7.99 8.48 0.464 5.47 6.18 6.65 5.76 6.20 0.447 7.22
Benzo (g,h,i) perylene 8.68 8.56 7.79 8.35 0.482 5.77 6.32 6.52 6.49 6.44 0.112 1.73
6-ring avg. PAH recovery (%) 84.5 63.2 33.8
% changeEnhanced QuEChERS method Traditional QuEChERS method
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Naphthalene 1.72 1.44 1.77 1.56 1.33 1.62 2.10 1.29 2.13 1.53 1.18 1.57 1.33 1.14 1.48 1.25 0.98 1.33 1.20 0.78 1.12 0.98 0.68 0.98
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.39 2.40 2.20 2.21 2.18 2.02 2.67 2.58 2.30 2.31 2.69 1.94 2.40 2.04 1.55 1.85 1.79 1.75 1.84 1.54 1.59 1.41 1.39 1.48
Biphenyl 0.70 0.83 0.76 0.64 0.79 0.69 0.64 0.97 0.68 0.61 0.79 0.59 0.49 0.69 0.63 0.49 0.66 0.64 0.33 0.55 0.51 0.34 0.52 0.59
2-ethylnaphthalene 1.69 1.46 1.91 1.54 1.38 1.77 1.68 1.85 1.93 1.63 1.29 1.66 1.41 1.17 1.33 1.56 0.89 1.30 1.50 0.83 1.13 1.21 0.91 0.95
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 1.61 1.34 1.47 1.50 1.25 1.36 1.56 1.40 1.61 1.69 1.25 1.62 1.38 1.00 1.22 1.28 0.93 1.03 1.00 0.81 1.02 0.87 0.75 0.89
Dibenzofuran 1.53 1.57 1.79 1.46 1.50 1.62 1.46 1.30 1.86 1.05 1.14 1.69 0.90 1.07 1.47 1.00 1.05 1.18 0.87 0.82 1.11 0.88 0.87 1.21
Fluorene 1.57 1.39 1.54 1.43 1.33 1.45 1.42 1.52 1.41 1.58 1.32 1.61 1.05 1.37 1.37 1.14 1.12 1.20 0.91 0.99 1.12 0.82 0.89 1.02
Dibenzothiophene 1.66 1.64 1.69 1.54 1.56 1.59 1.69 1.48 1.56 1.66 1.50 1.73 1.65 1.31 1.22 1.36 1.48 1.25 1.14 1.36 1.07 1.08 1.26 0.79
Phenanthrene 2.06 2.42 2.24 1.91 2.28 2.04 2.02 2.50 2.36 2.17 2.33 1.66 2.16 1.69 1.35 1.89 1.69 1.21 1.50 1.46 1.16 1.37 1.47 1.18
Anthracene 2.82 2.42 2.33 2.56 2.26 2.20 2.91 2.49 2.53 2.41 2.32 2.67 1.77 1.82 2.15 1.89 2.03 1.83 2.00 1.52 1.74 1.64 1.79 1.56
Carbozole 1.55 1.63 1.74 1.44 1.50 1.60 1.80 1.38 2.18 1.54 1.58 1.56 1.62 1.18 1.68 1.39 1.43 1.37 1.21 1.22 1.35 1.28 1.20 1.11
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 1.61 1.54 1.60 1.50 1.43 1.49 1.74 1.86 2.10 1.36 1.60 1.66 1.18 1.68 1.54 1.28 1.28 1.54 1.12 1.45 1.27 1.04 1.14 1.31
2-methylanthracene 0.75 0.78 0.74 0.70 0.73 0.67 0.76 0.73 0.66 0.63 0.73 0.68 0.64 0.70 0.66 0.60 0.63 0.61 0.49 0.58 0.50 0.46 0.58 0.55
1-methylphenanthrene 0.95 0.66 0.74 0.88 0.63 0.69 1.01 0.82 0.82 0.71 0.68 0.70 0.70 0.56 0.64 0.58 0.49 0.57 0.57 0.35 0.54 0.51 0.33 0.48
3,6-dimethylphenanthrene 1.24 1.57 1.94 1.19 1.48 1.78 1.37 1.23 1.52 1.40 1.48 1.23 1.00 0.99 1.14 1.05 0.79 0.96 1.01 0.76 0.95 0.96 0.76 0.85
Fluoranthene 0.88 0.75 0.73 0.80 0.69 0.68 0.83 0.67 0.61 0.88 0.56 0.66 0.70 0.49 0.60 0.61 0.59 0.46 0.61 0.53 0.47 0.50 0.53 0.33
Pyrene 1.43 1.59 1.63 1.35 1.49 1.50 1.90 1.82 1.75 1.58 1.65 1.70 1.49 1.18 1.27 1.18 1.24 1.10 1.13 1.05 1.09 1.10 1.03 0.88
Benzo (a) fluorene 0.85 0.83 0.77 0.78 0.79 0.71 0.92 0.91 0.91 0.73 0.72 0.84 0.63 0.54 0.67 0.62 0.60 0.59 0.47 0.48 0.68 0.51 0.54 0.49
1-methylpyrene 1.79 1.42 1.38 1.70 1.32 1.26 2.09 1.59 1.40 1.77 1.35 1.09 1.63 1.18 1.20 1.36 1.09 1.19 1.12 1.13 1.01 1.33 1.14 0.93
Benzo (a) anthracene 2.42 2.66 2.69 2.31 2.44 2.54 3.01 2.66 2.74 2.03 2.12 2.73 2.32 2.13 1.77 1.92 1.85 1.75 1.89 1.80 1.50 2.03 1.56 1.42
Chrysene 2.16 2.14 2.19 2.05 2.02 2.03 2.67 2.80 2.10 2.10 2.94 1.85 1.65 2.37 1.76 1.58 2.26 1.40 1.46 2.23 1.22 1.45 2.18 1.05
5-methylchrysene 1.76 1.27 1.62 1.65 1.18 1.51 2.09 1.76 1.66 2.11 1.49 1.86 1.85 1.34 1.48 1.86 1.06 1.60 1.61 1.07 1.36 1.60 1.00 1.16
Benzo (b) fluoranthene 0.97 0.69 0.73 0.89 0.66 0.67 0.85 0.74 0.77 0.90 0.57 0.59 0.76 0.51 0.59 0.60 0.56 0.55 0.59 0.49 0.49 0.49 0.56 0.41
Benzo (k) fluoranthene 1.82 1.62 1.29 1.70 1.48 1.22 1.91 1.21 1.48 1.26 1.17 1.22 1.07 1.06 1.05 1.21 0.75 1.04 0.95 0.77 0.97 0.90 0.62 0.83
Benzo (e) pyrene 0.79 0.88 0.83 0.72 0.81 0.76 0.67 0.80 0.82 0.55 0.70 0.79 0.46 0.62 0.69 0.50 0.56 0.63 0.47 0.61 0.65 0.42 0.52 0.62
Benzo (a) Pyrene 0.86 0.84 0.79 0.81 0.77 0.74 0.92 0.73 0.95 0.72 0.75 1.02 0.58 0.68 0.84 0.51 0.47 0.69 0.51 0.50 0.58 0.58 0.35 0.52
Perylene 1.51 1.55 1.28 1.37 1.44 1.17 1.58 1.67 1.63 1.51 1.38 1.40 1.32 1.01 1.11 1.30 1.03 1.09 1.10 0.89 1.00 1.06 1.06 0.99
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 41.1 39.3 40.4 38.2 36.7 37.4 44.3 40.8 42.5 38.4 37.3 38.3 34.1 31.5 32.5 31.9 29.3 29.9 28.6 26.6 27.2 26.8 25.6 24.6
Name
0 1 2 3 4 5 6 7
Week
Water Control Treatment









Naphthalene 4.37 3.60 4.54 2.50 1.49 2.53 1.82 1.40 1.81 1.59 1.32 1.74 1.44 1.17 1.54 1.39 0.91 1.33 1.13 0.79 1.15
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.55 2.62 3.34 3.13 2.97 2.65 2.75 3.23 4.31 4.88 2.41 1.83 2.15 2.07 2.10 2.14 1.84 2.86 1.64 1.64 1.77
Biphenyl 0.74 0.92 0.82 3.74 1.16 0.81 0.70 0.93 0.71 0.58 0.82 0.75 0.57 0.76 0.74 0.40 0.66 0.60 0.39 0.60 0.71
2-ethylnaphthalene 1.77 1.66 2.10 1.98 2.15 2.26 1.91 1.48 1.97 1.64 1.39 1.57 1.81 1.05 1.55 1.78 1.00 1.35 1.42 1.09 1.11
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 1.78 1.49 1.60 1.85 1.68 1.87 2.01 1.50 1.94 1.60 1.18 1.46 3.49 1.07 1.19 1.18 0.95 1.21 1.00 0.87 1.05
Dibenzofuran 1.75 1.75 1.93 3.73 1.56 2.20 1.23 1.34 5.94 1.08 1.26 1.76 1.19 1.22 1.38 1.04 0.96 2.30 1.03 1.03 1.43
Fluorene 1.65 1.54 2.72 1.67 1.80 1.64 1.88 1.52 1.91 3.22 1.63 1.58 1.36 1.32 1.41 1.07 1.15 1.32 0.95 1.06 1.19
Dibenzothiophene 1.78 1.88 1.88 2.01 1.76 1.84 1.93 1.74 2.06 1.95 1.51 1.45 1.56 1.70 1.43 1.33 1.58 1.23 1.29 1.46 0.91
Phenanthrene 2.23 2.62 2.41 2.42 2.95 2.71 2.58 2.75 1.96 2.52 1.97 1.58 2.23 1.96 1.43 1.77 1.72 1.35 1.58 1.72 1.38
Anthracene 2.95 2.66 2.64 5.38 2.94 2.90 2.89 2.71 5.21 4.06 2.09 2.55 2.21 2.37 2.12 2.38 1.75 4.02 1.91 2.08 1.79
Carbozole 1.69 1.72 1.88 2.13 1.61 2.61 1.82 1.85 1.81 1.93 1.42 1.96 2.64 1.70 1.58 1.40 1.45 1.58 1.47 1.42 1.32
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 1.78 1.66 1.71 2.08 2.18 2.45 1.61 1.87 1.93 1.37 2.00 1.84 1.53 1.50 1.78 1.31 1.71 1.46 1.22 1.31 1.50
2-methylanthracene 0.83 0.85 2.78 0.89 0.84 0.76 0.75 0.86 0.79 2.77 0.84 0.78 3.69 0.74 0.73 0.58 0.67 0.57 0.55 0.69 0.64
1-methylphenanthrene 1.02 0.72 0.81 1.20 0.97 0.95 0.85 0.79 2.82 0.80 0.65 0.77 0.69 0.58 0.68 0.66 0.41 0.63 0.60 0.38 0.56
3,6-dimethylphenanthrene 1.38 1.76 2.09 1.57 1.42 1.83 1.67 1.76 1.47 1.20 1.14 1.37 1.24 0.91 1.12 1.16 0.91 2.10 1.11 0.90 1.01
Fluoranthene 0.96 0.81 0.79 0.98 0.80 0.71 1.06 0.65 0.78 0.82 0.57 0.72 2.72 0.69 0.54 0.72 0.62 1.54 0.58 0.61 0.38
Pyrene 1.56 1.79 1.77 2.24 2.18 2.09 1.86 1.95 1.95 1.77 1.37 1.49 1.37 1.43 1.29 1.34 1.25 1.28 1.29 1.23 1.03
Benzo (a) fluorene 0.93 0.92 0.82 1.10 1.09 1.05 0.87 0.84 1.00 0.75 0.62 0.78 0.75 0.71 0.70 0.54 0.56 1.82 0.60 0.63 0.58
1-methylpyrene 1.99 1.52 1.45 2.48 1.91 1.67 2.09 1.57 1.30 1.95 1.38 1.43 1.63 1.28 1.39 1.29 1.32 1.20 1.57 1.31 1.07
Benzo (a) anthracene 2.68 2.80 3.05 3.49 3.11 3.15 2.39 2.54 3.25 2.76 2.54 2.11 2.24 2.12 2.05 2.25 2.10 1.80 2.44 1.83 1.66
Chrysene 2.46 2.36 4.44 3.07 3.34 2.52 2.43 3.44 2.15 2.89 2.85 2.09 1.86 2.62 1.62 1.73 2.68 1.42 1.71 2.51 1.21
5-methylchrysene 1.93 1.35 1.75 2.42 2.08 1.95 2.53 1.76 2.17 2.19 1.60 1.76 2.17 1.22 1.84 1.93 1.25 1.62 1.90 1.20 1.37
Benzo (b) fluoranthene 1.04 0.78 0.79 3.00 0.88 0.91 1.03 0.68 0.68 0.91 0.61 0.71 0.69 0.66 0.64 0.67 0.57 1.56 0.58 0.67 0.47
Benzo (k) fluoranthene 2.01 1.72 1.47 4.29 1.41 1.77 1.50 1.39 1.44 1.27 1.22 1.22 1.45 0.87 1.24 1.14 0.90 1.15 1.08 0.71 0.99
Benzo (e) pyrene 0.85 0.97 0.91 0.78 0.95 0.97 0.66 0.83 0.92 0.53 0.71 0.81 0.57 0.67 0.76 0.54 0.72 0.77 0.50 0.61 0.75
Benzo (a) Pyrene 0.93 0.90 0.88 1.06 0.87 1.13 0.84 0.87 1.17 0.69 0.78 1.00 0.60 0.56 0.80 0.61 0.60 0.69 0.66 0.42 0.61
Perylene 1.63 1.68 2.39 1.82 1.93 1.95 1.78 1.60 1.66 1.54 1.17 1.31 1.50 1.22 1.25 1.26 1.06 1.19 1.27 1.27 1.15
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 47.2 45.0 53.7 63.0 48.0 49.9 45.4 43.9 55.1 49.3 37.0 38.4 45.4 34.2 34.9 33.6 31.3 40.0 31.5 30.0 28.8
31 2
Week Week Week
4 5 6 7
Week Week Week










Naphthalene 24.7 29.6 23.4 39.2 36.3 38.4 21.2 20.3 20.4 19.2 17.8 15.4 13.7 15.2 16.9 13.2 11.5 10.8 8.51 6.24 5.72
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 12.5 18.1 12.7 20.4 23.5 18.7 11.4 21.5 10.8 8.99 11.7 7.65 7.36 20.1 6.90 6.21 5.48 4.54 4.01 3.87 4.11
Biphenyl 4.91 5.00 5.62 7.01 7.35 8.38 6.45 6.69 7.80 4.91 4.93 5.36 3.71 3.97 4.44 13.2 3.16 3.69 2.59 2.57 3.02
2-ethylnaphthalene 11.1 6.90 11.7 17.9 11.3 19.1 16.5 10.1 17.0 11.8 7.13 12.8 9.51 6.11 10.7 7.89 5.66 7.83 7.18 4.07 8.60
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 10.4 8.94 9.66 17.0 14.6 14.0 14.8 13.5 12.9 11.6 9.67 9.66 9.69 18.5 7.00 6.97 7.18 6.44 6.46 5.27 4.90
Dibenzofuran 9.33 9.70 8.77 13.7 12.7 14.1 12.2 11.2 12.2 9.33 7.30 8.91 7.41 7.63 7.21 6.59 5.34 6.50 4.80 15.0 6.36
Fluorene 8.90 8.22 10.0 14.8 13.7 14.9 13.0 11.8 13.7 9.93 8.36 9.26 8.01 7.81 7.47 16.1 6.58 6.72 6.52 5.35 5.38
Dibenzothiophene 12.6 18.1 9.86 18.0 12.4 14.5 16.7 11.4 13.5 12.6 7.83 10.0 9.17 6.96 7.68 7.37 5.47 6.96 8.09 5.47 6.52
Phenanthrene 12.8 16.7 16.1 20.4 27.8 24.3 18.3 24.7 21.9 13.0 17.5 15.3 12.0 13.9 12.9 8.55 13.3 10.9 7.73 11.7 9.49
Anthracene 16.2 15.7 15.8 24.5 23.1 26.3 22.5 20.8 23.2 17.1 16.2 17.9 13.5 13.9 15.0 12.2 9.26 11.8 10.3 10.4 10.8
Carbozole 10.2 7.83 12.6 16.0 23.1 20.4 14.0 11.2 18.1 11.0 18.0 12.4 9.10 18.3 12.2 7.82 6.27 9.58 5.59 5.88 7.75
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 9.60 11.6 7.18 15.0 17.1 10.3 13.1 15.0 9.2 9.75 12.0 6.67 8.25 8.89 5.54 7.35 8.03 4.92 6.60 7.52 4.21
2-methylanthracene 5.07 4.31 3.50 7.93 7.00 5.31 6.90 6.05 4.83 5.47 4.31 3.45 4.28 13.5 2.97 13.3 2.99 2.39 2.93 12.8 2.18
1-methylphenanthrene 6.76 15.0 5.73 9.80 7.63 8.55 8.82 6.95 7.87 6.37 14.7 5.22 5.00 4.35 4.53 4.12 3.66 3.42 3.43 3.36 3.59
3,6-dimethylphenanthrene 9.23 10.0 13.0 13.4 15.4 19.7 11.6 14.0 17.7 8.30 10.8 13.2 7.76 9.09 10.8 5.62 7.24 9.05 5.75 6.32 6.89
Fluoranthene 6.17 13.9 5.13 10.3 6.23 7.54 9.57 15.7 6.48 7.20 4.30 4.67 5.87 13.1 4.07 4.63 3.12 3.77 4.22 2.37 3.09
Pyrene 8.58 10.1 9.53 13.8 15.3 14.4 12.7 13.3 12.6 8.30 9.80 9.38 7.89 7.97 8.08 6.78 7.51 5.77 5.53 6.59 6.35
Benzo (a) fluorene 6.34 6.13 4.64 9.76 9.15 7.49 8.88 8.32 6.44 6.54 15.7 4.64 5.27 4.76 4.12 14.2 4.21 3.52 4.39 13.6 3.37
1-methylpyrene 9.17 7.23 6.34 14.3 12.1 10.2 12.8 10.7 9.21 8.60 8.20 6.24 7.16 7.11 5.83 6.30 5.42 4.30 5.73 4.82 4.20
Benzo (a) anthracene 13.3 15.8 16.0 18.9 23.3 25.4 17.2 20.7 23.4 13.3 15.8 16.5 10.8 12.6 13.5 7.95 11.2 12.5 6.82 8.15 10.9
Chrysene 11.2 26.1 10.4 18.4 14.8 15.2 16.9 22.1 14.0 11.8 16.9 10.2 10.9 14.6 7.62 8.84 10.2 6.55 8.29 10.2 5.49
5-methylchrysene 12.2 6.03 8.18 19.1 19.9 12.8 17.4 18.6 11.5 11.7 6.92 8.18 10.5 5.14 7.28 8.42 4.85 6.39 7.08 4.35 4.47
Benzo (b) fluoranthene 5.58 3.42 4.28 8.45 5.35 6.39 7.86 4.71 5.75 5.83 13.2 4.09 4.65 13.2 3.20 4.23 2.30 2.94 3.30 12.0 2.24
Benzo (k) fluoranthene 9.34 20.4 8.55 14.4 16.3 12.2 13.4 15.1 10.7 9.49 9.92 7.82 8.19 9.44 7.08 7.04 6.83 5.37 5.89 7.32 5.37
Benzo (e) pyrene 5.11 6.56 4.67 8.37 9.65 6.77 7.62 19.0 5.89 5.28 6.56 4.67 4.44 5.60 3.59 13.7 4.82 2.84 3.52 3.86 2.44
Benzo (a) Pyrene 5.41 9.40 5.84 8.07 7.83 8.34 7.43 6.72 7.67 5.49 5.68 5.84 4.36 3.91 4.17 3.55 3.28 3.84 3.63 3.44 3.09
Perylene 11.7 10.7 7.75 17.1 6.35 11.1 15.1 19.7 9.52 11.3 11.2 6.98 9.94 8.48 6.42 8.23 8.00 5.09 7.54 7.04 4.76
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 268 322 257 416 399 395 354 380 334 264 292 242 218 274 207 230 173 168 156 190 145
1 2 3 4 5 6 7
500 ppm Treatment









Naphthalene 77.6 89.6 108 118 138 146 59.9 75.8 77.4 50.5 62.0 54.1 35.3 34.5 46.7 30.5 32.1 24.1 25.4 14.5 16.8
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 53.4 54.2 47.7 79.7 82.2 67.2 59.6 37.8 37.0 31.9 36.2 26.9 25.5 21.4 16.8 21.9 16.4 16.9 15.4 11.4 16.5
Biphenyl 17.2 15.7 29.1 24.5 22.8 28.5 23.1 20.3 25.4 17.4 45.0 18.5 11.8 12.5 14.2 9.81 8.89 10.8 8.58 7.75 7.69
2-ethylnaphthalene 37.8 31.0 49.2 55.6 43.0 74.5 60.1 39.1 65.6 36.7 31.8 49.2 25.0 21.5 38.0 23.4 17.2 26.8 27.8 12.0 24.6
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 45.9 32.5 35.2 62.9 43.9 51.8 57.9 40.9 48.2 40.9 32.1 34.2 49.3 22.4 24.9 22.0 17.6 19.2 20.8 13.2 15.5
Dibenzofuran 33.6 29.0 29.8 46.7 43.3 43.8 44.3 40.7 41.2 30.8 29.8 32.4 21.5 22.1 19.7 36.8 15.6 17.5 11.7 12.1 12.7
Fluorene 43.4 35.4 35.5 57.8 52.1 52.3 52.6 47.4 46.0 40.5 34.4 37.6 26.0 26.6 24.6 26.0 19.3 18.8 24.6 18.2 13.1
Dibenzothiophene 43.9 33.9 33.4 59.3 48.5 46.4 53.4 45.6 43.1 41.5 53.2 34.8 28.5 21.8 24.6 21.9 17.9 17.2 19.6 12.6 15.8
Phenanthrene 39.7 70.5 65.5 61.1 108 94.9 56.8 95.4 84.4 39.7 79.2 61.7 28.1 51.0 45.5 24.4 40.1 42.7 21.4 36.9 32.3
Anthracene 55.6 58.3 60.6 78.3 83.3 84.2 74.4 74.2 74.1 58.7 58.3 54.7 37.6 42.5 45.5 35.2 36.7 33.7 21.1 28.3 27.8
Carbozole 34.7 37.2 45.7 51.1 50.9 67.3 55.0 47.4 60.5 37.3 37.7 45.7 28.1 27.0 35.0 49.2 17.8 24.9 17.9 15.3 19.5
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 32.9 45.5 25.0 45.0 63.2 33.8 41.0 56.3 31.1 32.0 46.2 24.0 44.8 28.5 16.2 18.0 22.1 12.2 15.3 18.3 10.2
2-methylanthracene 19.9 14.9 34.6 27.0 23.0 20.2 24.3 21.3 17.7 19.9 35.8 13.3 14.6 12.4 9.28 11.6 9.64 7.87 19.7 7.57 5.45
1-methylphenanthrene 24.0 15.6 20.1 35.3 22.9 29.9 33.2 20.4 26.3 24.3 15.3 21.5 16.9 12.1 14.7 14.1 9.39 11.1 11.6 6.64 10.5
3,6-dimethylphenanthrene 36.5 32.9 44.3 52.2 47.8 59.1 45.9 42.0 55.5 38.6 34.4 44.3 24.0 21.5 28.9 23.0 18.1 23.6 16.2 14.3 14.8
Fluoranthene 21.7 14.1 27.4 32.9 19.3 25.6 40.3 17.2 23.8 24.7 12.9 17.7 35.4 8.70 13.8 32.5 7.73 10.8 11.5 6.38 7.95
Pyrene 27.8 40.2 38.5 41.5 53.6 52.0 37.4 48.8 47.3 30.7 40.2 37.9 22.0 29.5 27.5 15.4 24.1 22.3 19.7 13.9 16.1
Benzo (a) fluorene 26.7 22.0 28.8 37.1 29.3 25.5 34.1 26.9 22.9 25.6 40.2 17.8 28.9 15.5 14.0 16.7 10.2 9.17 12.6 7.90 6.37
1-methylpyrene 35.5 28.6 25.7 47.3 39.8 37.9 43.0 35.8 33.3 31.2 28.6 27.6 23.2 18.7 18.9 38.2 15.1 15.5 14.7 11.9 12.9
Benzo (a) anthracene 46.4 48.3 54.2 68.2 72.2 76.3 60.0 68.6 71.0 45.0 49.1 51.9 36.8 39.7 34.4 30.7 26.0 29.8 19.1 18.8 23.7
Chrysene 42.2 52.3 42.3 57.1 79.3 56.4 50.8 69.8 51.9 38.2 59.5 41.2 29.7 43.6 28.8 24.5 34.9 23.1 14.3 19.8 19.7
5-methylchrysene 48.1 25.3 41.3 65.0 36.6 44.7 61.1 32.9 40.7 46.8 46.0 30.9 29.9 17.2 21.5 26.0 14.3 17.9 20.8 12.1 11.6
Benzo (b) fluoranthene 20.1 13.6 13.8 29.6 18.2 19.2 36.9 16.7 17.1 20.4 13.3 12.7 29.7 9.64 10.4 21.5 7.28 6.71 19.4 5.28 5.75
Benzo (k) fluoranthene 35.6 35.8 46.0 53.2 50.4 36.6 50.5 46.9 34.4 38.3 56.3 23.8 27.1 22.7 19.1 18.6 21.2 15.8 18.1 15.1 11.0
Benzo (e) pyrene 17.4 21.4 23.2 26.0 28.9 20.3 33.6 26.1 18.5 17.1 18.8 14.4 13.2 15.6 9.95 9.86 11.9 7.72 17.1 8.10 5.89
Benzo (a) Pyrene 20.1 16.7 22.5 28.2 24.2 31.7 25.7 22.8 29.5 19.2 17.9 23.8 34.5 10.9 14.9 12.7 8.72 13.6 7.91 6.06 9.19
Perylene 39.6 40.3 23.7 58.3 56.0 34.3 51.9 52.6 30.2 43.7 37.0 25.1 26.2 25.8 15.8 24.5 21.8 15.1 19.8 19.0 9.27
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 977 955 1051 1398 1381 1360 1267 1170 1154 922 1051 878 754 635 634 639 502 495 472 374 383
1 3 4 5 6 72
Week
5000 ppm Treatment









Naphthalene 139 143 161 188 207 234 84.6 105 124 63.9 70.3 81.8 60.2 62.0 58.4 43.5 40.2 51.4 40.2 22.0 28.5
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 90.5 64.1 71.5 128 98.6 101 66.3 26.3 47.4 39.5 21.6 39.3 24.4 24.7 28.5 19.5 21.6 19.3 14.4 24.7 21.2
Biphenyl 22.3 21.0 25.6 31.9 49.6 37.0 29.0 36.5 33.3 22.3 23.1 26.7 16.6 13.9 18.9 21.5 18.9 14.4 8.29 7.41 32.4
2-ethylnaphthalene 60.0 44.2 71.7 77.9 55.9 96.8 74.0 72.3 86.2 57.6 61.2 76.5 39.7 26.8 43.6 30.4 19.6 36.8 20.2 15.1 31.0
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 59.0 44.8 51.5 88.1 65.9 72.6 82.8 58.0 64.6 65.2 48.8 52.2 46.7 19.5 35.6 33.5 25.5 21.8 22.9 21.8 21.0
Dibenzofuran 51.6 40.5 41.7 65.3 76.0 61.4 58.1 45.7 58.3 47.0 58.3 43.6 35.9 24.9 28.2 20.2 17.1 19.6 22.2 18.2 28.4
Fluorene 47.9 61.7 52.7 69.4 83.3 73.2 63.1 95.0 68.1 55.5 62.5 53.4 38.2 40.8 35.1 24.3 27.6 24.2 19.4 21.7 21.2
Dibenzothiophene 57.1 46.6 41.6 77.1 63.0 60.3 68.6 59.2 56.1 60.9 44.1 42.8 36.2 30.9 33.2 48.5 24.6 19.3 26.2 16.4 29.6
Phenanthrene 65.4 98.7 85.4 97.7 152 114 89.9 134 104 71.3 118 82.0 50.8 47.6 54.6 29.3 23.8 39.8 29.3 50.1 39.8
Anthracene 71.4 84.0 83.2 94.0 117 109 84.6 103 97.4 71.4 108 87.6 44.2 53.7 51.4 29.1 34.2 37.2 31.0 31.5 31.7
Carbozole 62.9 60.3 73.5 81.7 96.4 94.2 73.6 71.8 83.8 58.8 58.8 72.5 41.7 40.5 44.3 25.3 23.7 37.7 25.3 22.9 29.2
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 41.0 59.2 37.1 58.5 82.2 50.8 55.0 76.5 44.7 44.5 77.6 37.6 29.3 17.5 26.9 20.5 25.4 18.8 19.3 23.0 25.7
2-methylanthracene 25.2 27.5 16.5 32.3 56.8 24.2 30.1 52.8 23.0 23.0 26.1 18.9 17.8 19.1 11.1 20.3 21.7 7.26 10.4 12.9 16.5
1-methylphenanthrene 38.5 28.9 34.1 49.4 36.6 44.9 45.9 42.3 42.2 36.6 48.3 35.0 23.7 17.2 22.9 15.8 24.8 16.2 12.3 12.8 15.3
3,6-dimethylphenanthrene 66.8 47.5 65.5 83.5 66.9 88.6 74.3 62.8 83.3 66.8 51.5 63.8 41.8 24.8 45.2 28.4 14.7 35.4 25.1 22.1 24.8
Fluoranthene 31.2 24.1 25.8 39.5 50.9 38.4 35.6 48.2 35.4 28.5 43.5 30.8 21.3 16.7 19.6 25.8 21.8 11.9 11.1 10.8 23.8
Pyrene 51.1 57.8 54.1 66.4 75.1 83.2 59.1 66.0 73.2 48.5 57.8 62.4 31.2 37.5 40.7 23.2 25.5 29.1 16.6 26.3 26.6
Benzo (a) fluorene 37.9 36.5 23.8 51.9 46.8 30.6 49.3 62.3 27.8 38.9 53.6 22.9 24.9 25.3 14.4 27.6 26.3 11.0 14.0 12.2 19.3
1-methylpyrene 42.6 32.9 33.0 56.7 47.7 49.2 51.1 43.4 45.3 41.4 35.3 34.5 31.2 24.8 26.1 21.6 17.2 19.7 17.6 15.8 15.8
Benzo (a) anthracene 59.7 62.3 81.2 81.8 86.6 107 74.4 78.8 99.4 63.8 67.5 80.2 40.9 35.3 54.5 31.1 29.4 40.6 25.4 26.0 27.8
Chrysene 45.2 71.1 51.3 68.5 103 73.3 63.7 96.9 68.2 51.4 81.4 58.6 32.9 49.5 40.3 26.7 30.2 22.7 24.0 26.8 24.9
5-methylchrysene 56.2 41.2 36.5 78.1 74.9 53.7 68.7 49.4 48.8 58.5 40.6 41.3 39.8 28.6 24.7 26.5 22.0 20.4 25.0 18.7 27.8
Benzo (b) fluoranthene 24.5 16.8 22.7 35.5 25.5 28.8 33.7 44.9 26.5 25.2 28.7 23.0 17.8 13.5 13.8 22.4 18.2 8.63 10.7 8.91 17.5
Benzo (k) fluoranthene 56.6 47.3 42.9 79.8 70.6 55.0 74.2 64.2 51.1 58.2 50.8 42.3 43.1 26.1 25.8 26.3 21.2 17.0 26.3 17.7 15.9
Benzo (e) pyrene 24.0 27.4 18.5 31.1 34.7 28.4 28.0 31.3 25.0 24.6 35.4 21.9 15.6 18.8 13.6 12.1 18.6 9.38 7.79 9.73 19.5
Benzo (a) Pyrene 26.9 27.9 38.0 39.5 38.8 47.5 37.2 34.9 42.3 31.2 30.2 34.2 20.2 17.4 21.9 15.4 12.0 19.0 10.7 12.4 14.3
Perylene 59.1 57.2 31.2 75.8 78.4 44.6 69.7 71.3 41.9 55.3 59.6 33.5 37.1 32.7 20.1 25.0 15.8 16.1 24.2 23.5 11.6
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 1414 1374 1372 1927 2040 1901 1625 1733 1601 1310 1463 1299 903 790 854 694 621 625 540 531 641
71 2 3 4 5 6
Week
25000 ppm Treatment





Table A.8. Summary of the PAH (µg/Kg, dry weight) content in triploid oysters during summer exposure study. 
 
 
Naphthalene 2.09 1.78 1.76 1.91 1.67 1.65 1.80 1.52 1.51 1.69 1.42 1.41 1.48 1.15 1.17 0.99 0.94 0.95 0.63 0.56 0.45 0.79 0.50 0.61
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.63 2.41 2.41 2.50 2.25 2.25 2.25 2.07 2.12 2.03 1.95 1.89 1.74 1.58 1.76 1.28 1.24 1.38 0.81 0.73 0.80 0.99 0.77 0.91
Biphenyl 0.62 0.58 0.56 0.59 0.53 0.51 0.54 0.49 0.48 0.50 0.46 0.43 0.43 0.40 0.38 0.34 0.29 0.27 0.18 0.17 0.14 0.21 0.21 0.18
2-ethylnaphthalene 1.73 1.49 1.42 1.58 1.40 1.36 1.45 1.28 1.25 1.38 1.20 1.14 1.07 1.02 0.97 0.91 0.83 0.81 0.52 0.51 0.45 0.59 0.57 0.47
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 1.48 1.27 1.30 1.36 1.17 1.18 1.25 1.11 1.09 1.15 1.03 1.03 1.01 0.90 0.83 0.81 0.67 0.60 0.39 0.41 0.37 0.53 0.36 0.41
Dibenzofuran 1.43 1.27 1.29 1.31 1.17 1.18 1.23 1.11 1.11 1.15 1.05 1.00 1.00 0.88 0.92 0.72 0.70 0.62 0.37 0.39 0.33 0.37 0.49 0.49
Fluorene 1.51 1.29 1.30 1.43 1.21 1.24 1.34 1.13 1.13 1.28 0.99 0.99 1.01 0.90 0.90 0.86 0.71 0.70 0.40 0.45 0.41 0.58 0.35 0.45
Dibenzothiophene 1.86 1.59 1.64 1.70 1.50 1.51 1.57 1.36 1.38 1.38 1.23 1.31 1.27 1.13 1.13 0.97 0.89 0.88 0.60 0.42 0.44 0.67 0.57 0.51
Phenanthrene 2.26 1.96 1.89 2.07 1.87 1.80 1.89 1.68 1.64 1.74 1.53 1.44 1.51 1.33 1.36 1.06 0.92 1.03 0.58 0.65 0.62 0.64 0.74 0.57
Anthracene 3.15 2.75 2.89 2.95 2.59 2.62 2.71 2.36 2.49 2.55 2.12 2.29 2.20 1.96 1.84 1.65 1.35 1.62 0.81 0.73 0.95 0.87 0.85 0.82
Carbozole 1.92 1.73 1.60 1.74 1.57 1.50 1.59 1.49 1.39 1.49 1.31 1.23 1.30 1.15 1.03 1.03 0.88 0.78 0.54 0.52 0.54 0.67 0.66 0.50
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 1.96 1.68 1.76 1.80 1.60 1.60 1.68 1.49 1.48 1.58 1.34 1.33 1.31 1.24 1.21 0.96 0.97 0.89 0.64 0.49 0.49 0.74 0.61 0.60
2-methylanthracene 0.77 0.65 0.66 0.70 0.62 0.60 0.63 0.58 0.56 0.60 0.53 0.51 0.49 0.48 0.43 0.37 0.37 0.34 0.23 0.19 0.21 0.25 0.24 0.23
1-methylphenanthrene 1.08 0.97 1.00 1.02 0.89 0.92 0.97 0.83 0.88 0.87 0.78 0.81 0.74 0.63 0.69 0.61 0.47 0.52 0.30 0.31 0.28 0.35 0.32 0.39
3,6-dimethylphenanthrene 1.44 1.26 1.34 1.36 1.18 1.22 1.26 1.09 1.16 1.15 0.97 1.02 0.97 0.84 0.96 0.78 0.66 0.73 0.44 0.42 0.44 0.48 0.41 0.46
Fluoranthene 0.77 0.69 0.67 0.72 0.63 0.61 0.67 0.57 0.57 0.60 0.53 0.50 0.53 0.47 0.42 0.38 0.35 0.34 0.23 0.19 0.20 0.29 0.17 0.20
Pyrene 2.02 1.75 1.82 1.87 1.62 1.68 1.77 1.49 1.55 1.63 1.33 1.42 1.37 1.21 1.28 0.99 0.87 0.90 0.59 0.48 0.53 0.53 0.48 0.49
Benzo (a) fluorene 0.91 0.80 0.80 0.86 0.74 0.75 0.80 0.70 0.68 0.75 0.63 0.62 0.66 0.53 0.54 0.49 0.41 0.43 0.29 0.22 0.21 0.25 0.27 0.24
1-methylpyrene 2.15 1.87 1.90 2.05 1.78 1.74 1.91 1.68 1.64 1.74 1.51 1.46 1.49 1.37 1.34 1.16 1.09 1.06 0.67 0.67 0.56 0.80 0.55 0.51
Benzo (a) anthracene 3.00 2.51 2.56 2.73 2.32 2.35 2.51 2.09 2.11 2.21 1.84 1.90 2.04 1.71 1.75 1.46 1.36 1.27 0.75 0.84 0.74 1.11 0.88 0.89
Chrysene 2.90 2.61 2.50 2.63 2.37 2.29 2.40 2.23 2.09 2.23 2.03 1.88 1.89 1.85 1.54 1.51 1.45 1.29 0.84 0.76 0.79 0.79 0.96 0.94
5-methylchrysene 2.20 1.88 1.91 2.00 1.76 1.76 1.84 1.65 1.63 1.71 1.49 1.45 1.51 1.24 1.23 1.16 1.04 0.93 0.61 0.51 0.54 0.66 0.63 0.64
Benzo (b) fluoranthene 0.86 0.77 0.73 0.81 0.71 0.69 0.75 0.66 0.65 0.68 0.60 0.62 0.60 0.49 0.52 0.47 0.38 0.37 0.23 0.20 0.20 0.34 0.20 0.21
Benzo (k) fluoranthene 1.92 1.73 1.67 1.80 1.60 1.56 1.62 1.49 1.45 1.44 1.38 1.35 1.21 1.14 1.18 0.89 0.97 0.89 0.53 0.52 0.52 0.60 0.55 0.52
Benzo (e) pyrene 0.61 0.55 0.55 0.57 0.50 0.50 0.52 0.47 0.47 0.49 0.41 0.43 0.41 0.35 0.39 0.33 0.28 0.27 0.21 0.18 0.17 0.18 0.16 0.15
Benzo (a) Pyrene 1.00 0.87 0.89 0.91 0.79 0.81 0.86 0.75 0.76 0.80 0.68 0.72 0.68 0.61 0.60 0.56 0.48 0.50 0.33 0.28 0.28 0.32 0.30 0.28
Perylene 1.53 1.31 1.30 1.39 1.21 1.20 1.29 1.14 1.08 1.18 1.07 1.01 0.97 0.89 0.84 0.76 0.73 0.68 0.43 0.36 0.41 0.49 0.43 0.44
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 45.8 40.0 40.1 42.4 37.3 37.1 39.1 34.5 34.3 36.0 31.4 31.2 30.9 27.4 27.2 23.5 21.3 21.1 13.2 12.2 12.1 15.1 13.2 13.1
Name Week Week Week Week
Water Control Treatment
Week Week Week Week









Naphthalene 2.29 2.05 1.97 1.97 1.72 1.67 1.87 1.66 1.63 1.51 1.19 1.22 1.44 1.21 1.20 1.37 1.15 1.14 0.88 0.76 0.59
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.91 2.80 2.80 2.50 2.38 2.43 2.38 2.29 2.26 2.15 1.71 1.90 1.80 1.76 1.68 1.60 1.46 1.57 1.12 0.95 1.02
Biphenyl 0.72 0.67 0.62 0.61 0.59 0.53 0.59 0.54 0.50 0.49 0.41 0.40 0.45 0.41 0.34 0.36 0.38 0.33 0.25 0.23 0.21
2-ethylnaphthalene 1.84 1.65 1.67 1.57 1.43 1.42 1.57 1.40 1.34 1.11 1.15 1.09 1.12 0.97 1.02 1.05 0.84 0.92 0.69 0.60 0.53
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 1.59 1.42 1.44 1.33 1.19 1.26 1.30 1.25 1.25 0.95 1.05 0.95 1.00 0.78 0.92 0.83 0.80 0.85 0.48 0.47 0.53
Dibenzofuran 1.59 1.43 1.44 1.34 1.22 1.23 1.40 1.19 1.17 1.11 1.02 0.90 0.97 0.93 0.92 0.92 0.83 0.72 0.48 0.45 0.55
Fluorene 1.77 1.52 1.44 1.51 1.31 1.25 1.42 1.34 1.16 1.31 0.90 0.93 1.15 0.93 0.79 0.92 0.78 0.72 0.60 0.52 0.52
Dibenzothiophene 2.08 1.79 1.82 1.77 1.55 1.58 1.71 1.45 1.47 1.25 1.16 1.27 1.27 1.07 1.06 1.15 0.93 1.00 0.80 0.59 0.68
Phenanthrene 2.41 2.15 2.13 2.13 1.89 1.84 2.05 1.74 1.86 1.76 1.44 1.45 1.52 1.27 1.28 1.35 1.14 1.15 0.74 0.72 0.72
Anthracene 3.63 3.14 3.24 3.13 2.76 2.82 2.94 2.83 2.66 2.73 2.10 2.24 2.07 1.85 2.01 1.82 1.60 1.68 1.19 0.99 1.13
Carbozole 2.11 2.01 1.81 1.84 1.73 1.52 1.81 1.63 1.50 1.52 1.47 1.18 1.31 1.17 1.02 1.16 1.19 0.98 0.66 0.69 0.58
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 2.23 1.89 1.92 1.89 1.61 1.69 1.92 1.70 1.73 1.47 1.42 1.19 1.27 1.23 1.21 1.34 0.98 1.11 0.68 0.63 0.66
2-methylanthracene 0.81 0.74 0.72 0.69 0.63 0.63 0.65 0.65 0.58 0.47 0.51 0.45 0.47 0.45 0.43 0.47 0.38 0.42 0.25 0.25 0.25
1-methylphenanthrene 1.24 1.09 1.16 1.04 0.92 0.99 1.10 0.93 0.95 0.93 0.67 0.79 0.79 0.67 0.74 0.65 0.57 0.59 0.47 0.39 0.41
3,6-dimethylphenanthrene 1.60 1.38 1.50 1.35 1.20 1.26 1.44 1.10 1.32 1.09 1.02 1.08 1.01 0.85 0.82 0.88 0.76 0.75 0.48 0.47 0.52
Fluoranthene 0.89 0.73 0.74 0.78 0.62 0.63 0.74 0.64 0.61 0.60 0.46 0.48 0.55 0.45 0.44 0.51 0.40 0.43 0.32 0.25 0.25
Pyrene 2.36 1.96 1.96 2.05 1.65 1.69 1.94 1.63 1.67 1.53 1.33 1.30 1.32 1.14 1.14 1.32 1.12 1.14 0.86 0.72 0.74
Benzo (a) fluorene 1.03 0.94 0.91 0.86 0.82 0.80 0.87 0.83 0.80 0.66 0.59 0.64 0.56 0.59 0.53 0.53 0.54 0.54 0.39 0.30 0.32
1-methylpyrene 2.48 2.20 2.11 2.16 1.89 1.78 2.13 1.93 1.73 1.44 1.38 1.52 1.41 1.21 1.31 1.24 1.23 1.16 0.78 0.85 0.75
Benzo (a) anthracene 3.37 2.76 2.83 2.96 2.34 2.46 2.90 2.45 2.32 2.12 1.99 1.90 2.16 1.74 1.64 1.85 1.52 1.47 1.21 0.84 0.96
Chrysene 3.04 2.96 2.77 2.56 2.55 2.36 2.74 2.67 2.33 1.77 1.96 1.89 1.95 1.90 1.80 1.83 1.60 1.64 1.10 0.97 0.97
5-methylchrysene 2.33 2.23 2.19 1.96 1.92 1.86 2.03 1.78 1.93 1.54 1.40 1.51 1.42 1.27 1.23 1.17 1.23 1.31 0.71 0.73 0.65
Benzo (b) fluoranthene 0.98 0.87 0.83 0.85 0.74 0.72 0.88 0.75 0.68 0.73 0.61 0.50 0.61 0.49 0.52 0.58 0.46 0.44 0.37 0.29 0.32
Benzo (k) fluoranthene 2.10 1.95 1.87 1.77 1.67 1.65 1.83 1.69 1.67 1.53 1.25 1.22 1.22 1.17 1.22 1.24 1.13 1.01 0.64 0.69 0.63
Benzo (e) pyrene 0.69 0.62 0.62 0.58 0.53 0.54 0.59 0.50 0.52 0.49 0.40 0.39 0.45 0.34 0.39 0.35 0.35 0.34 0.22 0.21 0.22
Benzo (a) Pyrene 1.14 0.97 1.00 0.99 0.85 0.88 0.92 0.81 0.85 0.81 0.73 0.72 0.65 0.54 0.56 0.63 0.55 0.59 0.38 0.30 0.39
Perylene 1.70 1.50 1.45 1.42 1.26 1.27 1.36 1.25 1.29 1.17 1.13 1.05 0.97 0.98 0.92 0.90 0.81 0.77 0.61 0.52 0.57
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 50.9 45.4 45.0 43.6 39.0 38.8 43.1 38.6 37.8 34.2 30.4 30.1 30.9 27.3 27.1 28.0 24.7 24.8 17.4 15.4 15.6
Week Week Week Week Week Week Week
Sediemnt Control  Treatment









Naphthalene 17.6 14.3 15.4 29.9 24.4 23.0 18.5 15.3 14.7 9.87 7.31 8.29 10.5 8.52 8.06 9.87 7.31 8.29 7.21 6.35 5.98
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 22.7 20.7 20.7 31.7 29.0 31.0 19.0 19.1 20.8 11.7 11.6 9.31 9.52 10.1 9.93 8.14 7.62 6.98 4.57 3.87 5.74
Biphenyl 5.46 4.93 4.83 9.83 6.90 8.21 9.04 6.14 7.55 7.86 5.17 6.07 6.29 4.14 5.01 3.05 2.14 2.95 2.46 1.93 2.05
2-ethylnaphthalene 13.4 12.5 12.0 24.2 22.5 19.3 22.3 20.5 17.9 17.9 18.3 15.8 15.0 14.6 13.1 9.68 8.56 6.36 7.75 7.66 5.20
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 12.7 11.1 10.5 19.1 17.7 16.8 17.5 16.5 14.8 14.5 13.1 13.1 12.6 11.9 11.6 5.91 6.74 5.37 5.15 6.21 4.19
Dibenzofuran 11.3 11.5 11.4 17.0 20.6 18.3 15.9 18.8 16.8 13.4 15.7 13.5 10.3 12.8 11.1 5.09 7.43 6.94 5.09 6.60 6.02
Fluorene 13.6 11.7 11.2 19.1 18.8 19.0 18.1 17.3 17.3 14.9 13.7 15.4 12.4 13.1 12.8 7.26 6.57 7.23 5.73 6.01 5.14
Dibenzothiophene 15.4 14.1 12.7 21.6 24.0 20.4 19.4 22.5 18.5 16.8 19.2 16.5 13.2 16.3 13.9 8.20 8.63 6.11 5.83 6.23 5.71
Phenanthrene 17.9 15.3 15.8 32.2 25.9 26.8 28.3 23.4 25.5 26.1 21.3 20.7 22.2 17.9 18.8 10.0 8.30 8.86 10.9 6.49 7.52
Anthracene 28.3 22.9 24.3 39.7 34.4 43.7 36.1 30.6 40.7 29.8 25.8 34.1 27.8 22.3 28.9 12.3 11.7 16.2 10.3 8.94 12.2
Carbozole 15.8 14.1 14.5 22.2 19.7 21.8 20.8 17.7 20.0 16.8 15.4 16.7 15.1 12.2 14.8 8.86 6.90 6.53 7.75 6.11 7.61
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 15.6 14.0 13.4 28.1 19.6 18.8 25.6 17.7 17.5 20.8 15.5 15.2 17.4 12.4 12.2 9.83 7.26 6.20 8.42 5.30 5.64
2-methylanthracene 5.75 5.83 5.47 10.3 10.5 9.8 9.62 9.24 8.76 8.17 8.40 7.38 6.73 7.24 6.59 3.73 3.78 3.64 3.52 3.04 2.95
1-methylphenanthrene 9.14 7.77 8.21 13.7 12.4 14.8 12.3 11.2 13.4 11.1 9.32 11.2 8.37 7.95 8.86 4.25 4.35 4.73 3.43 3.23 5.17
3,6-dimethylphenanthrene 12.8 9.65 11.2 21.8 13.5 16.8 19.2 11.9 14.8 15.9 11.1 13.6 15.0 8.92 10.8 6.97 4.86 5.05 5.66 4.46 4.21
Fluoranthene 6.98 5.79 5.22 12.6 8.11 8.4 11.9 7.13 7.60 10.2 5.92 6.76 8.79 5.67 5.85 3.89 2.43 2.67 4.27 2.59 2.76
Pyrene 18.4 14.3 15.7 27.6 20.0 25.1 26.0 18.4 22.4 20.2 15.8 20.6 16.8 12.0 15.3 10.5 7.41 9.05 8.56 6.60 6.29
Benzo (a) fluorene 7.70 6.99 6.81 11.5 11.2 11.6 10.9 10.3 10.8 8.43 8.50 8.80 6.93 6.93 7.87 3.81 4.02 4.28 3.81 3.13 3.36
1-methylpyrene 19.6 16.0 15.6 35.2 25.7 23.5 31.7 23.9 21.8 28.9 19.8 17.4 22.9 17.7 16.2 13.0 8.21 7.74 12.0 6.41 8.2
Benzo (a) anthracene 25.3 21.2 22.4 40.4 38.2 38.0 37.2 33.6 35.0 29.5 30.6 27.8 27.9 24.5 23.2 13.3 14.9 14.8 12.9 12.6 9.9
Chrysene 22.2 21.9 21.1 37.8 32.9 31.6 34.4 30.6 29.1 29.8 26.3 25.6 26.1 22.0 19.9 11.3 12.5 9.80 13.2 8.55 10.7
5-methylchrysene 18.4 17.2 16.4 25.8 29.2 27.9 23.7 26.3 26.2 20.4 23.6 20.9 15.5 20.1 18.7 9.54 9.63 9.49 8.00 9.92 8.09
Benzo (b) fluoranthene 7.27 6.62 6.62 12.4 11.9 11.9 11.7 11.1 10.5 9.76 9.53 9.77 8.52 7.98 7.39 4.08 4.76 4.65 4.20 3.33 4.05
Benzo (k) fluoranthene 15.1 14.2 14.4 25.7 19.9 23.1 24.4 18.3 21.0 20.1 15.9 17.8 16.2 13.5 14.8 9.77 7.76 8.08 7.72 6.77 7.16
Benzo (e) pyrene 5.02 4.57 4.59 8.03 7.77 6.88 7.30 7.38 6.12 6.50 6.06 5.23 5.06 4.98 4.54 2.65 2.57 2.20 2.17 2.02 1.93
Benzo (a) Pyrene 9.02 7.60 7.01 15.3 13.7 11.2 14.6 12.7 10.5 11.3 11.2 8.9 9.66 9.57 6.73 4.75 4.10 3.36 4.91 4.65 3.03
Perylene 12.0 11.1 10.2 16.9 20.0 17.3 15.8 18.2 15.7 12.3 14.8 13.8 10.4 13.2 11.8 5.90 6.80 5.88 4.55 6.20 5.71
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 384.6 338 337.7 610 539 545 542 476 486 443 399 400 377 339 339 206 187 183 180 155 157
Week Week Week Week Week WeekWeek
500 ppm Treatment









Naphthalene 78.6 58.7 61.1 111 87.7 78.3 65.3 46.5 47.0 50.9 45.6 42.3 42.1 31.6 24.3 31.4 26.8 22.4 12.1 15.4 14.1
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 85.7 75.9 86.9 117.4 98.6 108.6 66.9 55.2 65.2 64.6 45.3 53.2 48.2 35.5 42.4 35.1 25.4 23.8 18.9 15.4 12.7
Biphenyl 23.7 16.4 21.6 33.4 23.4 30.4 30.4 22.0 29.2 23.4 16.2 21.0 16.7 13.4 16.4 17.4 10.5 14.9 12.7 9.61 10.3
2-ethylnaphthalene 55.1 52.1 47.0 79.9 76.6 63.6 74.3 71.3 59.1 59.9 52.9 48.3 41.5 41.4 36.9 38.3 39.1 35.0 32.8 29.1 26.7
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 45.9 45.7 49.7 62.9 58.6 63.8 57.2 55.0 61.2 43.4 41.6 43.4 31.5 34.0 37.6 32.7 28.7 35.1 21.4 19.9 22.3
Dibenzofuran 40.8 57.2 45.8 62.7 78.4 60.2 59.6 74.5 57.8 44.6 58.0 45.2 31.4 43.9 33.1 31.4 36.1 27.1 20.7 32.9 21.1
Fluorene 55.8 42.8 48.6 70.7 63.8 70.4 67.8 60.0 66.9 49.5 47.9 52.1 42.4 37.7 40.2 38.9 31.3 33.1 29.7 21.7 25.4
Dibenzothiophene 49.1 66.5 51.4 71.2 88.7 71.3 65.5 85.2 67.0 54.1 62.1 54.2 39.9 49.7 42.8 33.5 40.8 32.8 24.9 29.3 28.5
Phenanthrene 72.2 64.1 63.9 106 98.6 91.3 97.7 93.7 83.1 79.6 72.0 66.6 55.2 50.3 48.4 48.8 53.2 42.9 39.3 35.5 32.9
Anthracene 104 90.1 112 139 131 153 129 120 147 103 96.7 110 76.4 74.5 88.8 65.3 71.9 73.5 45.8 48.3 59.7
Carbozole 51.2 53.3 66.1 75.3 73.0 82.7 70.8 68.6 76.9 56.5 52.5 59.5 39.9 43.8 41.3 38.4 36.5 41.3 30.1 24.1 27.3
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 85.4 56.7 54.3 107 74.6 71.4 98.2 70.8 68.6 73.6 50.7 52.1 60.8 41.8 40.7 51.2 33.6 37.9 36.3 25.4 25.0
2-methylanthracene 30.3 26.5 29.9 39.3 37.8 37.4 37.7 34.4 35.2 26.7 27.2 25.4 20.8 22.7 22.4 20.1 17.8 18.7 15.3 13.2 15.3
1-methylphenanthrene 35.8 29.1 43.2 45.3 44.7 56.1 43.0 41.2 52.2 33.9 30.9 41.0 23.5 24.2 32.6 24.9 22.8 27.5 17.2 17.0 19.1
3,6-dimethylphenanthrene 53.4 34.4 47.2 76.2 51.3 60.6 72.4 47.7 56.9 52.6 37.0 43.0 38.9 30.8 32.7 38.9 26.2 31.5 29.0 18.0 21.8
Fluoranthene 32.5 22.2 19.3 44.0 30.8 29.2 40.0 29.0 26.9 32.1 21.6 20.5 22.9 17.2 15.8 20.2 16.0 13.2 14.9 10.2 12.0
Pyrene 68.5 57.6 63.3 93.9 72.1 85.5 87.3 68.5 79.5 63.8 51.2 65.0 51.6 36.0 49.6 51.6 33.1 47.0 31.0 24.5 29.1
Benzo (a) fluorene 28.6 29.8 29.5 42.7 40.2 42.8 39.3 37.8 41.1 32.0 28.6 31.3 23.5 20.1 21.4 19.6 22.1 19.7 16.2 16.9 17.6
1-methylpyrene 99.1 74.1 58.3 134 97.5 84.4 129 92.6 79.4 96.4 73.1 59.1 77.7 49.7 46.4 60.3 50.7 38.0 44.2 40.9 32.1
Benzo (a) anthracene 114 96.3 85.4 154 134 126 147 128 121 111 97.7 92.9 92.1 78.9 66.5 84.5 64.2 65.3 59.9 53.5 41.4
Chrysene 93.5 91.0 80.7 125 115 117 115 105 112 86.0 85.2 80.7 73.5 63.3 65.5 62.3 57.6 55.0 48.6 39.1 49.1
5-methylchrysene 63.9 77.7 64.5 95.4 108 92.1 89.7 101 88.4 65.8 82.0 68.1 47.7 64.8 54.3 52.5 56.1 42.4 34.4 39.9 33.2
Benzo (b) fluoranthene 33.7 31.2 27.9 43.2 45.3 41.7 40.6 43.0 39.6 32.9 34.8 30.4 24.2 23.5 21.3 22.5 20.4 20.8 17.3 18.6 16.3
Benzo (k) fluoranthene 67.3 51.2 55.8 87.4 65.7 80.8 82.2 60.4 75.2 59.5 48.6 59.0 49.0 33.5 46.1 39.4 31.5 42.8 32.4 26.3 31.5
Benzo (e) pyrene 20.5 17.2 17.1 28.9 25.7 23.4 26.3 23.9 21.8 19.6 18.0 16.4 16.8 13.9 12.4 15.9 12.3 12.9 10.7 9.23 9.36
Benzo (a) Pyrene 37.4 34.9 26.3 56.7 46.5 37.0 52.2 44.6 35.5 41.4 33.0 26.3 29.5 27.0 20.7 28.9 24.6 17.0 18.7 15.8 15.5
Perylene 43.4 53.2 43.4 55.6 76.0 57.1 53.4 71.5 52.5 41.7 56.3 38.8 27.8 44.1 29.7 28.4 41.1 31.4 19.5 31.9 24.0
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 1569 1406 1400 2157 1943 1916 1938 1752 1746 1498 1366 1346 1145 1047 1030 1032 930 903 734 682 673
WeekWeek Week Week Week Week Week
5000 ppm Treatment









Naphthalene 133 103 73.3 166 131 94.0 91.3 81.5 56.4 76.4 73.6 43.2 56.5 46.0 37.0 36.0 24.0 33.0 26.0 36.0 27.0
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 117 115 132 141 148 163 81.7 90.2 89.6 74.7 81.3 78.2 35.2 35.5 50.5 25.8 21.4 18.3 15.6 25.4 11.7
Biphenyl 37.4 24.6 36.9 46.8 35.2 48.6 44.0 32.4 46.6 33.2 25.7 34.5 29.0 21.8 30.1 28.1 16.5 22.8 31.0 30.0 37.0
2-ethylnaphthalene 81.0 94.3 88.6 104 115 108 95.5 109 104 81.0 87.4 76.7 62.3 66.7 65.9 53.0 64.4 60.5 26.0 37.9 34.6
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 59.7 61.5 59.7 81.8 87.8 76.5 74.4 79.0 68.9 58.1 67.6 55.8 46.6 50.1 46.7 39.3 45.7 41.3 32.0 29.0 26.0
Dibenzofuran 61.2 92.8 62.4 81.6 125 84.3 79.1 120 81.0 66.9 89.0 61.6 48.1 76.5 50.6 40.8 72.7 43.9 29.0 40.0 34.0
Fluorene 65.3 81.4 74.2 84.8 109 91.6 76.3 105 87.9 68.7 89.0 70.5 52.6 59.7 53.1 44.1 48.8 52.2 40.0 25.0 22.0
Dibenzothiophene 64.8 122 67.7 92.6 151 92.7 87.0 139 87.2 68.5 122 67.7 50.9 83.0 55.6 50.9 78.4 47.3 33.0 52.8 32.0
Phenanthrene 136 137 102 170 168 128 153 161 115 138 122 101 98.5 93.9 79.2 95.1 77.1 74.1 44.2 53.6 35.8
Anthracene 148 143 169 208 196 214 188 186 193 160 147 152 119 118 135 117 114 109 54.2 54.9 51.4
Carbozole 72.3 98.0 102 90.4 124 124 85.9 114 117 65.1 91.8 89.3 50.6 68.2 68.2 42.5 67.0 55.8 43.0 47.0 50.0
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 126 68.0 82.3 160 89.5 114 154 82.3 103 120 72.5 88.0 89.6 52.8 68.6 96.0 44.7 65.1 56.0 31.0 40.0
2-methylanthracene 37.7 37.6 37.0 47.2 45.4 48.6 44.8 41.7 45.7 34.4 34.9 35.5 26.0 27.2 30.6 25.5 26.3 24.8 36.0 35.0 31.0
1-methylphenanthrene 39.1 59.3 69.9 54.3 76.0 84.2 52.1 70.7 78.3 42.9 57.0 62.3 34.2 47.9 53.0 32.6 41.1 48.8 37.0 37.0 20.2
3,6-dimethylphenanthrene 83.2 48.0 59.6 107 61.6 72.7 98.2 59.7 70.5 88.6 43.7 56.7 58.7 37.6 45.8 49.1 35.1 42.9 25.6 25.0 30.0
Fluoranthene 43.3 31.2 31.1 52.7 40.0 43.8 49.1 36.0 41.2 40.1 31.2 31.6 33.2 24.0 26.3 27.4 23.6 21.5 35.0 24.0 21.0
Pyrene 111 85.4 121 141 108 145 127 97.3 131 108 76.7 113 83.1 61.6 82.8 83.1 49.7 77.0 43.7 31.3 33.4
Benzo (a) fluorene 50.8 47.7 42.6 72.6 64.4 59.9 66.1 61.8 57.0 51.6 52.2 45.0 45.7 38.6 36.0 36.3 34.1 28.2 27.0 25.0 24.0
1-methylpyrene 132 108 86.3 174 136 118 157 128 111 129 96.9 91.0 110 77.8 74.5 99.2 69.6 69.7 64.0 42.3 41.0
Benzo (a) anthracene 187 163 143 230 214 201 210 197 185 189 169 159 145 118 119 108 128 102 69.1 64.2 68.3
Chrysene 156 117 101 199 150 140 193 138 129 166 117 104 126 88.3 87.0 102 71.8 78.6 67.8 49.4 49.1
5-methylchrysene 81.3 150 116 115 184 147 108 173 139 84.7 141 113 67.6 112 88.4 61.8 105 69.3 28.6 53.2 35.4
Benzo (b) fluoranthene 43.0 41.8 38.5 60.5 54.3 54.2 56.3 50.5 51.5 46.0 43.4 39.6 34.5 31.0 32.0 34.5 28.8 26.6 29.0 28.0 38.0
Benzo (k) fluoranthene 102 81.5 83.0 131 112 105 127 102 99.8 99.7 79.3 85.1 72.1 65.9 63.0 69.5 64.8 62.0 30.2 30.1 29.4
Benzo (e) pyrene 36.3 32.8 29.4 49.1 41.0 39.8 44.7 39.4 36.6 39.8 29.1 29.0 30.5 23.4 23.1 23.1 19.7 19.1 36.0 29.0 22.0
Benzo (a) Pyrene 76.2 54.4 40.4 96.5 69.7 51.8 88.7 66.2 49.7 80.1 51.6 38.3 54.0 43.9 30.6 45.3 36.3 31.1 30.9 20.9 18.1
Perylene 68.4 94.4 61.6 83.4 129 79.9 79.3 120 77.6 60.9 102 60.0 50.1 80.1 47.2 50.1 59.5 48.0 20.9 38.8 24.8
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 2349 2293 2110 3040 2964 2731 2710 2681 2451 2271 2195 1982 1709 1649 1579 1516 1468 1374 1011 996 887
Week WeekWeek Week Week Week Week
7
25000 ppm Treatment





Table A.9. Summary of the PAH (µg/Kg, dry weight) content in diploid oysters during winter exposure study. 
 
 
Naphthalene 2.26 2.63 2.95 2.15 2.39 2.73 2.39 2.75 3.11 2.10 2.42 2.95 1.86 2.25 2.36 1.41 1.79 1.93 0.76 1.07 1.21 0.91 1.21 1.37
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.99 3.20 3.67 2.85 3.05 3.37 2.99 3.38 3.82 2.67 3.15 3.37 2.40 2.54 3.17 1.71 2.00 2.29 1.14 1.35 1.30 1.35 1.15 1.26
Biphenyl 0.72 0.74 0.87 0.68 0.68 0.79 0.71 0.79 0.88 0.66 0.72 0.78 0.55 0.62 0.69 0.41 0.47 0.51 0.29 0.27 0.32 0.26 0.31 0.35
2-ethylnaphthalene 1.94 2.05 2.37 1.83 1.95 2.22 1.93 2.22 2.46 1.83 2.00 2.19 1.60 1.82 1.95 1.16 1.35 1.38 0.60 0.71 0.81 0.68 1.00 0.84
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 1.72 1.85 2.02 1.58 1.73 1.87 1.74 1.96 2.18 1.65 1.85 2.00 1.32 1.63 1.76 1.09 1.26 1.24 0.61 0.67 0.78 0.71 0.77 0.87
Dibenzofuran 1.64 1.76 2.02 1.54 1.64 1.87 1.66 1.91 2.12 1.46 1.68 1.87 1.25 1.43 1.63 1.08 1.13 1.27 0.65 0.59 0.74 0.71 0.80 0.87
Fluorene 1.76 1.85 2.05 1.64 1.71 1.93 1.73 1.97 2.25 1.61 1.73 1.98 1.28 1.60 1.77 0.97 1.10 1.44 0.55 0.65 0.76 0.62 0.81 0.97
Dibenzothiophene 2.10 2.11 2.38 1.91 1.97 2.22 2.01 2.29 2.52 1.85 2.13 2.25 1.63 1.81 1.94 1.23 1.31 1.49 0.72 0.83 0.88 0.70 0.78 0.83
Phenanthrene 2.46 2.55 2.92 2.30 2.40 2.70 2.42 2.76 3.18 2.16 2.57 3.02 1.96 2.29 2.51 1.45 1.52 1.88 0.80 1.05 1.18 0.73 0.91 1.14
Anthracene 3.48 3.95 4.37 3.31 3.66 4.13 3.64 4.11 4.69 3.42 3.66 4.22 2.80 3.41 3.84 2.33 2.26 2.86 1.13 1.28 1.88 1.60 1.52 1.83
Carbozole 2.20 2.32 2.48 2.00 2.17 2.36 2.20 2.47 2.71 2.07 2.27 2.41 1.74 2.05 2.06 1.26 1.58 1.57 0.70 0.79 1.00 0.73 1.06 1.06
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 2.20 2.29 2.69 2.00 2.18 2.45 2.15 2.48 2.75 1.94 2.20 2.42 1.66 1.93 2.06 1.29 1.36 1.70 0.67 0.77 1.04 0.80 0.97 1.02
2-methylanthracene 0.89 0.95 1.08 0.82 0.87 0.98 0.88 1.01 1.14 0.82 0.94 1.00 0.69 0.80 0.91 0.55 0.59 0.73 0.30 0.30 0.45 0.28 0.39 0.48
1-methylphenanthrene 1.22 1.30 1.45 1.14 1.22 1.36 1.24 1.37 1.58 1.14 1.25 1.41 1.03 1.14 1.31 0.77 0.80 0.92 0.43 0.45 0.58 0.38 0.51 0.55
3,6-dimethylphenanthrene 1.63 1.77 2.05 1.54 1.69 1.92 1.69 1.90 2.18 1.49 1.76 2.07 1.30 1.52 1.77 1.07 1.21 1.35 0.64 0.63 0.68 0.56 0.76 0.81
Fluoranthene 0.92 0.99 1.10 0.85 0.92 1.05 0.93 1.07 1.20 0.87 1.01 1.14 0.73 0.79 1.00 0.58 0.62 0.77 0.30 0.41 0.45 0.37 0.44 0.45
Pyrene 2.20 2.29 2.69 2.08 2.12 2.47 2.18 2.49 2.74 1.99 2.19 2.52 1.77 1.89 2.08 1.42 1.39 1.78 0.79 0.80 1.10 0.76 1.10 0.85
Benzo (a) fluorene 1.09 1.20 1.27 1.01 1.09 1.21 1.09 1.26 1.41 1.03 1.17 1.24 0.89 0.97 1.14 0.67 0.70 0.86 0.44 0.47 0.52 0.34 0.53 0.55
1-methylpyrene 2.51 2.69 3.02 2.30 2.56 2.74 2.50 2.88 3.22 2.25 2.62 3.06 1.95 2.16 2.42 1.50 1.81 1.81 0.78 0.98 1.29 1.08 0.98 1.19
Benzo (a) anthracene 3.40 3.61 4.11 3.18 3.37 3.88 3.34 3.74 4.31 3.11 3.56 4.09 2.71 3.11 3.53 2.07 2.17 2.76 1.34 1.24 1.29 1.17 1.35 1.64
Chrysene 3.19 3.35 4.00 2.93 3.08 3.67 3.25 3.58 4.08 3.02 3.18 3.87 2.47 2.72 3.38 1.98 2.00 2.57 1.01 1.43 1.39 1.30 1.39 1.39
5-methylchrysene 2.38 2.49 2.74 2.24 2.30 2.58 2.46 2.71 3.04 2.34 2.41 2.70 2.00 2.06 2.46 1.48 1.68 1.97 0.79 1.03 0.91 1.08 1.19 1.21
Benzo (b) fluoranthene 1.00 0.99 1.15 0.95 0.93 1.05 1.00 1.10 1.24 0.92 1.03 1.13 0.79 0.87 0.99 0.58 0.64 0.71 0.40 0.33 0.37 0.38 0.36 0.37
Benzo (k) fluoranthene 2.12 2.18 2.57 2.02 2.08 2.34 2.19 2.41 2.65 2.02 2.15 2.36 1.62 1.98 2.04 1.27 1.54 1.70 0.77 0.75 1.04 0.79 1.09 0.98
Benzo (e) pyrene 0.71 0.78 0.89 0.67 0.74 0.85 0.75 0.84 0.97 0.71 0.79 0.87 0.58 0.69 0.79 0.47 0.46 0.59 0.22 0.29 0.38 0.28 0.36 0.43
Benzo (a) Pyrene 1.07 1.13 1.32 1.01 1.05 1.21 1.08 1.22 1.39 1.01 1.09 1.24 0.80 0.94 1.14 0.63 0.68 0.85 0.36 0.43 0.50 0.33 0.50 0.60
Perylene 1.74 1.81 2.14 1.64 1.64 1.95 1.74 1.93 2.17 1.62 1.82 2.01 1.34 1.57 1.65 0.99 1.22 1.26 0.57 0.77 0.84 0.59 0.66 0.69
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 51.5 54.8 62.4 48.2 51.2 57.9 51.9 58.6 66.0 47.8 53.4 60.2 40.7 46.6 52.4 31.4 34.7 40.2 17.8 20.3 23.7 19.5 22.9 24.6
Week Week Week Week WeekName
Water Control Treatment
Week Week Week








Naphthalene 2.84 3.19 3.54 2.39 2.74 3.08 2.62 2.81 3.33 2.13 2.49 2.90 1.99 2.20 2.58 1.65 1.63 1.81 0.62 0.71 0.80
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 3.32 4.03 4.21 2.89 3.46 3.70 3.16 3.58 3.70 2.83 3.02 3.41 2.43 2.66 3.15 1.96 2.26 2.23 1.01 0.90 1.22
Biphenyl 0.86 0.93 0.98 0.73 0.78 0.83 0.75 0.85 0.87 0.67 0.74 0.74 0.63 0.62 0.68 0.50 0.52 0.53 0.23 0.23 0.23
2-ethylnaphthalene 2.32 2.62 2.73 2.04 2.30 2.41 2.13 2.36 2.57 1.97 2.20 2.08 1.55 1.75 1.78 1.20 1.34 1.64 0.61 0.60 0.82
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 2.02 2.32 2.53 1.71 1.97 2.17 1.81 2.20 2.27 1.57 1.83 1.95 1.41 1.51 1.74 1.19 1.32 1.39 0.53 0.55 0.61
Dibenzofuran 1.99 2.16 2.54 1.75 1.83 2.21 1.81 1.92 2.42 1.67 1.73 1.93 1.46 1.51 1.70 1.18 1.08 1.53 0.54 0.55 0.62
Fluorene 1.97 2.25 2.60 1.67 1.89 2.21 1.73 2.13 2.29 1.63 1.89 2.11 1.32 1.66 1.93 1.16 1.19 1.54 0.49 0.53 0.55
Dibenzothiophene 2.38 2.71 2.93 2.02 2.38 2.46 2.14 2.46 2.75 1.97 2.25 2.34 1.54 1.81 2.11 1.21 1.60 1.46 0.52 0.60 0.76
Phenanthrene 2.89 3.26 3.66 2.48 2.81 3.18 2.63 2.97 3.36 2.40 2.71 2.81 1.99 2.19 2.38 1.59 1.79 1.94 0.84 0.79 0.83
Anthracene 4.37 4.73 5.49 3.76 4.02 4.61 3.89 4.30 4.94 3.67 3.78 4.17 3.10 3.41 3.90 2.58 2.41 2.91 1.09 1.05 1.34
Carbozole 2.62 2.71 3.17 2.25 2.36 2.70 2.44 2.47 2.82 2.02 2.06 2.51 1.97 1.87 2.16 1.42 1.44 1.65 0.79 0.59 0.89
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 2.39 2.82 3.13 2.01 2.40 2.66 2.27 2.48 2.79 1.86 2.37 2.66 1.65 2.06 2.16 1.19 1.44 1.60 0.64 0.84 0.85
2-methylanthracene 0.98 1.12 1.27 0.85 0.98 1.08 0.90 1.07 1.12 0.79 0.93 0.96 0.65 0.77 0.85 0.58 0.63 0.68 0.25 0.28 0.30
1-methylphenanthrene 1.36 1.51 1.86 1.14 1.27 1.62 1.21 1.42 1.77 1.05 1.21 1.55 0.95 1.01 1.25 0.68 0.89 1.06 0.38 0.38 0.41
3,6-dimethylphenanthrene 2.00 2.18 2.51 1.70 1.83 2.18 1.82 1.94 2.28 1.54 1.64 2.11 1.32 1.59 1.78 1.00 1.24 1.30 0.58 0.46 0.65
Fluoranthene 1.12 1.25 1.34 0.94 1.07 1.15 1.00 1.13 1.26 0.91 0.94 1.10 0.82 0.94 0.99 0.59 0.64 0.74 0.30 0.27 0.40
Pyrene 2.56 2.79 3.12 2.25 2.34 2.69 2.33 2.62 2.87 2.02 2.23 2.53 1.74 1.90 2.31 1.43 1.48 1.62 0.70 0.70 0.78
Benzo (a) fluorene 1.29 1.48 1.56 1.12 1.28 1.34 1.21 1.32 1.44 1.08 1.17 1.24 0.96 1.08 1.05 0.74 0.74 0.83 0.33 0.37 0.47
1-methylpyrene 2.78 3.34 3.81 2.36 2.94 3.23 2.45 3.04 3.35 2.14 2.64 2.89 2.08 2.20 2.51 1.50 1.74 2.17 0.71 1.00 0.94
Benzo (a) anthracene 3.81 4.23 4.87 3.28 3.68 4.18 3.51 3.85 4.57 2.97 3.30 3.94 2.78 3.00 3.60 1.91 2.33 2.82 1.11 1.03 1.09
Chrysene 3.90 3.93 4.77 3.32 3.31 4.10 3.67 3.50 4.48 2.93 3.31 3.86 2.89 2.91 3.34 2.26 2.12 2.81 1.13 1.09 1.44
5-methylchrysene 2.93 2.98 3.43 2.52 2.53 2.95 2.70 2.83 3.26 2.40 2.36 2.71 2.11 1.94 2.54 1.70 1.58 1.92 0.68 0.63 0.94
Benzo (b) fluoranthene 1.11 1.27 1.39 0.97 1.10 1.17 1.00 1.18 1.24 0.89 0.98 1.07 0.78 0.85 0.93 0.56 0.70 0.83 0.31 0.37 0.39
Benzo (k) fluoranthene 2.57 2.80 3.03 2.18 2.44 2.57 2.39 2.63 2.81 1.92 2.10 2.42 1.92 2.10 2.06 1.44 1.51 1.54 0.72 0.80 0.67
Benzo (e) pyrene 0.84 1.01 1.11 0.72 0.84 0.95 0.74 0.94 1.00 0.69 0.77 0.89 0.58 0.66 0.73 0.47 0.51 0.65 0.23 0.23 0.31
Benzo (a) Pyrene 1.27 1.38 1.57 1.10 1.20 1.37 1.13 1.25 1.43 1.03 1.12 1.32 0.96 0.92 1.18 0.73 0.79 0.88 0.27 0.38 0.48
Perylene 2.09 2.24 2.38 1.82 1.97 2.10 1.96 2.09 2.10 1.67 1.82 1.79 1.42 1.53 1.74 1.21 1.32 1.36 0.58 0.55 0.67
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 60.6 67.2 75.5 52.0 57.7 64.9 55.4 61.4 69.1 48.4 53.6 60.0 43.0 46.7 53.1 33.6 36.2 41.5 16.2 16.5 19.5
Name WeekWeek Week Week Week Week Week
Sediemnt Control  Treatment








Naphthalene 16.8 17.5 20.5 21.8 26.3 26.7 12.7 14.7 15.5 8.51 10.3 9.08 7.42 8.42 8.01 5.50 6.80 4.10 4.50 3.50 6.10
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 18.9 20.5 21.9 30.3 30.8 28.4 19.1 17.3 17.1 12.1 12.3 8.53 7.88 10.5 9.10 7.12 6.54 8.53 6.21 4.35 5.87
Biphenyl 4.53 4.81 5.70 6.35 7.70 7.99 5.58 7.01 7.11 4.63 5.54 6.23 4.06 4.47 5.19 2.03 2.85 2.95 1.65 2.39 2.24
2-ethylnaphthalene 11.8 13.1 14.5 15.4 21.0 17.4 14.3 18.9 16.3 10.7 16.8 13.6 9.06 12.6 11.1 4.76 6.91 6.96 3.99 7.33 5.04
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 10.1 11.8 13.9 14.1 18.9 19.5 12.7 17.6 17.3 10.0 13.4 15.6 9.17 11.3 11.9 4.80 7.18 7.78 4.23 6.24 6.81
Dibenzofuran 10.8 10.8 14.5 15.1 14.0 17.4 13.3 13.3 16.5 10.5 9.96 12.7 8.59 8.42 10.6 4.52 4.63 6.96 3.92 3.93 4.53
Fluorene 10.6 11.7 14.3 16.0 18.7 17.2 15.0 17.2 16.2 12.8 14.6 12.4 9.73 11.2 10.8 5.90 6.91 6.70 5.27 5.04 6.02
Dibenzothiophene 13.8 16.0 14.6 20.7 22.4 22.0 19.4 21.0 20.2 14.7 17.4 17.6 11.6 13.4 12.3 6.82 8.05 7.91 6.41 6.93 6.59
Phenanthrene 17.3 17.0 20.1 24.2 20.4 34.2 22.3 18.7 30.1 18.2 15.3 26.3 14.5 12.0 21.5 8.73 7.33 12.3 8.24 5.50 9.57
Anthracene 21.8 23.7 28.5 30.6 33.1 42.8 28.7 30.1 37.7 22.6 26.2 32.9 19.9 18.5 25.7 11.0 11.6 15.4 7.64 10.3 13.7
Carbozole 15.2 16.0 17.8 24.3 22.4 26.7 22.6 19.9 23.7 17.3 16.6 20.3 13.6 12.8 14.9 7.54 7.84 10.4 7.54 6.95 6.93
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 12.4 15.0 16.0 14.9 20.9 19.2 13.4 19.9 17.8 10.7 16.5 14.4 9.10 13.0 10.9 5.07 6.28 7.29 5.22 5.86 5.18
2-methylanthracene 5.81 6.62 6.34 9.87 7.94 10.8 9.28 7.39 9.91 7.11 5.96 8.19 6.42 4.61 6.25 3.75 2.38 4.31 2.47 2.70 3.56
1-methylphenanthrene 7.62 8.15 11.2 12.2 10.6 13.4 11.5 9.86 12.7 9.39 7.42 10.6 7.68 6.89 8.32 4.88 3.29 4.02 3.41 3.39 3.76
3,6-dimethylphenanthrene 11.8 12.6 13.5 14.1 17.7 17.6 13.4 15.8 16.6 10.9 13.1 13.7 9.05 10.4 11.4 4.81 6.91 6.69 4.39 4.96 5.81
Fluoranthene 6.51 7.36 7.89 9.76 11.0 12.6 9.27 9.93 11.9 7.22 8.61 9.09 6.15 6.07 6.94 3.90 3.86 4.54 2.64 3.42 4.16
Pyrene 15.1 15.6 15.9 25.6 21.9 27.1 23.8 19.9 24.9 20.3 16.8 19.0 15.9 12.5 15.7 7.95 7.87 9.21 7.95 7.22 8.39
Benzo (a) fluorene 6.58 7.87 8.91 9.21 11.0 12.5 8.75 10.0 11.9 7.00 8.48 9.98 5.34 6.28 7.24 3.13 3.63 4.62 3.13 3.19 3.99
1-methylpyrene 14.2 19.0 19.4 22.7 30.5 25.2 20.4 28.6 24.0 15.9 23.2 19.9 14.1 19.2 14.9 7.48 10.4 7.57 7.03 10.7 6.81
Benzo (a) anthracene 20.2 22.8 27.7 26.3 34.3 47.2 24.9 31.5 44.8 18.9 24.0 36.8 15.5 20.9 30.6 10.5 13.7 17.4 6.83 10.3 12.7
Chrysene 20.3 22.4 25.3 24.3 35.9 35.4 21.9 33.0 31.5 17.0 26.2 26.5 14.6 21.5 22.7 7.79 13.3 14.2 7.30 10.0 11.7
5-methylchrysene 16.1 16.4 20.6 19.4 21.3 24.7 18.4 18.8 23.0 15.1 14.9 18.8 11.4 13.0 15.1 5.81 8.10 7.90 6.39 6.61 6.67
Benzo (b) fluoranthene 5.98 6.37 7.92 7.18 9.55 13.5 6.68 8.88 11.8 5.46 6.88 10.1 4.59 5.25 8.62 2.73 3.53 4.71 2.37 2.77 3.50
Benzo (k) fluoranthene 14.9 16.0 17.9 23.8 27.1 25.0 21.4 25.0 22.5 17.1 21.4 19.5 14.5 16.8 16.2 8.34 10.6 8.00 7.86 7.59 7.00
Benzo (e) pyrene 4.19 5.03 6.42 7.12 7.54 9.64 6.55 6.71 8.58 5.69 5.81 7.71 4.13 4.15 5.78 2.35 2.94 2.99 1.85 2.04 3.28
Benzo (a) Pyrene 7.26 7.17 8.02 11.6 8.60 13.6 10.2 7.66 12.4 8.48 6.28 10.4 6.51 5.33 8.86 4.30 2.84 5.04 3.25 2.32 4.50
Perylene 11.7 11.4 14.1 18.7 18.3 19.7 17.0 17.0 18.5 14.6 13.2 15.7 12.0 11.7 12.6 6.37 7.14 5.90 5.99 5.86 5.31
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 332 363 413 476 530 587 423 466 520 333 377 426 272 301 343 158 183 204 138 151 170
Name WeekWeek Week Week Week Week Week
500 ppm Treatment








Naphthalene 55.0 71.8 55.5 78.5 92.1 85.4 44.0 48.8 44.4 33.0 46.0 37.6 30.6 30.4 35.0 23.0 26.0 17.6 20.3 10.4 15.2
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 72.2 86.3 65.7 106 108 93.8 62.6 48.5 48.8 45.6 46.4 46.9 38.2 45.3 31.0 25.6 26.4 16.9 18.2 15.3 11.0
Biphenyl 15.3 20.5 22.1 22.8 27.7 28.7 21.7 26.1 27.3 17.1 19.7 22.1 14.2 15.0 13.5 10.5 11.1 14.1 9.4 10.8 11.2
2-ethylnaphthalene 37.0 53.9 42.0 50.7 69.1 59.1 46.1 65.0 56.2 35.0 51.9 44.4 28.4 35.3 27.2 23.8 31.8 26.0 18.2 25.6 21.3
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 32.6 51.0 51.0 49.4 68.0 66.2 45.4 65.3 60.2 37.5 50.4 48.3 30.1 33.3 36.4 22.2 27.2 31.1 16.3 24.5 26.5
Dibenzofuran 34.8 36.8 40.2 49.7 49.1 59.2 47.2 45.7 55.0 37.8 33.4 40.8 28.3 22.1 28.4 23.9 22.1 23.7 17.9 19.6 24.3
Fluorene 43.1 48.4 43.3 57.4 65.4 58.5 52.8 62.8 55.5 40.2 45.8 42.7 35.0 34.0 26.9 28.1 30.1 29.2 19.5 26.2 23.4
Dibenzothiophene 52.8 50.1 63.3 74.4 71.6 79.1 69.2 68.0 75.9 52.8 51.5 55.3 48.4 36.5 38.7 32.0 35.8 38.0 26.8 25.1 30.0
Phenanthrene 55.2 52.4 75.5 82.4 67.2 109 77.5 63.8 102 61.0 51.7 84.2 51.9 30.9 59.1 35.4 28.2 52.5 33.0 22.2 43.8
Anthracene 69.6 83.0 111 107 109 154 97.4 104 140 80.3 76.5 109 65.3 56.8 73.9 43.9 45.9 73.9 36.4 40.4 61.6
Carbozole 67.4 57.4 69.8 87.5 71.7 90.7 83.2 66.7 85.2 60.4 49.5 67.1 48.1 33.7 42.6 36.8 28.7 37.2 35.0 28.0 38.1
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 39.1 52.8 50.2 52.2 73.3 65.2 49.1 66.7 61.3 36.0 51.3 45.6 32.4 36.6 32.6 24.5 35.2 29.3 17.7 27.1 25.4
2-methylanthracene 24.2 19.7 26.0 35.5 27.0 35.6 33.4 25.7 33.4 24.2 18.4 24.2 19.9 12.2 19.6 16.3 11.3 17.8 13.5 11.3 12.8
1-methylphenanthrene 30.2 24.8 31.9 40.2 35.0 44.3 38.2 33.6 40.3 31.0 25.9 30.5 25.7 16.4 24.3 17.3 14.7 21.2 15.7 12.2 17.3
3,6-dimethylphenanthrene 38.7 42.5 43.7 50.9 56.7 63.4 48.4 53.8 58.9 35.6 40.2 43.1 29.0 26.6 29.8 24.4 28.3 30.4 19.9 23.2 24.7
Fluoranthene 22.5 25.1 34.5 34.2 37.5 44.2 31.4 35.6 41.5 25.3 25.5 30.5 22.2 18.8 19.9 14.3 15.8 22.1 13.0 15.4 16.3
Pyrene 57.4 61.2 61.6 82.0 76.5 94.8 74.7 70.4 86.2 59.1 56.6 68.2 45.9 36.7 49.3 40.2 31.4 46.4 29.5 30.6 37.0
Benzo (a) fluorene 24.9 26.4 33.2 33.2 35.2 43.7 31.8 33.8 40.6 23.9 25.7 31.4 20.2 16.9 20.5 13.6 14.1 17.9 10.9 13.4 17.9
1-methylpyrene 55.2 69.2 57.4 72.6 97.5 83.3 66.0 91.6 79.1 52.3 71.2 56.6 40.6 48.7 42.5 30.5 46.8 37.5 25.4 36.1 32.5
Benzo (a) anthracene 70.8 76.9 101 91.9 117 151 87.3 107 140 68.9 81.6 104 54.2 60.6 78.5 40.4 53.6 69.4 32.2 42.0 52.8
Chrysene 57.1 85.4 95.4 85.2 126 124 81.8 119 113 63.1 89.2 95.4 52.0 59.0 63.2 37.5 56.5 61.9 35.8 44.0 43.4
5-methylchrysene 46.7 49.3 63.2 69.7 74.6 79.0 63.4 71.6 71.9 48.1 51.5 55.3 41.8 33.6 35.6 30.7 34.3 34.8 23.0 26.1 27.7
Benzo (b) fluoranthene 16.1 21.7 29.8 23.7 30.6 44.4 22.3 29.0 41.3 18.0 21.4 32.4 13.0 14.1 23.1 9.71 12.8 21.8 9.48 10.1 18.2
Benzo (k) fluoranthene 60.5 66.2 70.2 78.6 89.5 90.0 75.4 82.3 84.6 54.2 66.2 66.6 50.3 47.4 49.5 38.5 37.6 44.1 32.2 36.7 31.5
Benzo (e) pyrene 16.2 19.3 25.9 24.9 24.1 32.8 23.2 22.0 31.5 18.2 17.6 22.6 14.2 12.3 15.4 12.2 10.4 16.1 10.2 9.17 11.5
Benzo (a) Pyrene 27.2 22.2 34.3 40.7 29.2 47.7 38.2 26.6 45.3 28.9 21.4 32.9 24.0 15.8 22.9 20.3 12.9 21.9 17.1 12.0 19.6
Perylene 45.2 50.6 51.7 65.5 64.1 70.8 61.6 61.5 67.3 45.2 49.3 51.0 36.7 29.5 38.2 32.8 25.6 31.9 26.2 26.9 26.2
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 1167 1325 1449 1647 1792 1998 1473 1595 1787 1133 1236 1389 941 859 978 709 755 885 583 624 721
Name Week WeekWeek Week Week Week Week
5000 ppm Treatment








Naphthalene 81.4 119 81.1 110 147 111 63.8 88.4 64.4 49.5 81.0 56.6 33.0 51.6 36.7 29.0 21.0 27.0 23.0 19.0 17.0
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 127 155 91.5 170 194 122 98.5 113 67.1 95.0 88.0 72.0 57.7 64.0 30.5 45.0 48.0 32.0 28.0 34.0 20.0
Biphenyl 32.2 28.7 28.0 38.8 38.8 37.4 37.7 36.9 34.8 32.2 30.7 29.9 24.1 23.3 20.6 22.9 20.6 19.1 10.1 13.2 8.97
2-ethylnaphthalene 68.9 90.7 54.6 86.1 111 76.9 81.8 103 70.7 62.9 89.6 61.5 53.4 63.1 46.1 40.0 55.0 38.4 25.8 27.7 17.7
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 65.8 88.2 66.7 88.9 109 92.6 81.8 101 85.2 73.8 78.4 69.5 49.8 68.6 58.4 39.0 51.0 51.0 26.7 32.7 21.3
Dibenzofuran 55.0 69.8 74.8 69.6 88.4 94.7 64.1 84.9 88.1 56.4 69.0 76.7 38.3 54.8 58.7 34.8 46.9 48.3 21.6 28.3 33.1
Fluorene 62.0 85.6 69.6 74.7 111 99.4 67.9 107 91.4 58.2 82.3 74.5 42.6 63.4 61.6 35.8 56.0 47.7 31.0 25.6 32.8
Dibenzothiophene 82.3 72.6 99.9 104 93.1 127 96.9 88.4 120 81.2 67.9 99.9 57.3 57.7 74.6 52.0 50.2 65.8 36.0 30.7 36.7
Phenanthrene 92.3 76.3 142 115 107 197 106 102 179 85.4 76.3 159 72.7 60.2 110 54.2 49.4 61.0 26.5 36.5 65.0
Anthracene 120 115 162 161 164 200 146 157 184 120 118 164 99.5 98.3 112 78.0 64.0 71.0 49.0 50.8 66.1
Carbozole 118 88.2 110 158 108 136 145 96.8 125 129 89.3 101 89.8 66.7 76.1 74.0 58.1 61.0 50.4 37.0 43.5
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 66.5 93.8 96.2 88.7 117 117 85.2 107 113 70.1 84.4 83.3 49.7 65.7 69.2 32.0 47.0 59.0 25.7 37.5 27.0
2-methylanthracene 42.1 29.9 40.5 53.3 37.8 53.3 48.0 34.4 49.1 40.0 28.7 42.7 29.9 21.5 30.9 25.6 20.4 28.3 25.0 19.0 27.0
1-methylphenanthrene 41.8 32.7 50.3 52.3 45.5 70.8 50.7 40.9 65.2 42.4 35.9 52.4 31.9 26.8 41.8 24.1 21.4 38.2 18.3 23.0 21.2
3,6-dimethylphenanthrene 49.0 81.6 83.3 66.2 102 114 64.2 94.9 110 53.6 83.6 85.6 37.1 62.2 68.5 33.1 47.0 57.0 27.0 30.6 34.2
Fluoranthene 38.3 49.2 43.6 47.8 60.0 57.4 44.5 55.8 54.0 38.7 48.6 46.5 26.8 34.8 35.0 28.2 30.0 34.5 26.0 29.0 17.2
Pyrene 107 104 102 139 130 133 126 120 121 112 108 99.5 78.1 79.4 82.3 61.0 71.6 66.3 47.4 45.5 46.4
Benzo (a) fluorene 39.5 32.5 53.5 56.4 45.8 74.2 51.9 41.2 68.3 46.2 37.1 53.5 32.7 27.5 41.6 22.0 27.0 34.2 23.0 14.2 24.5
1-methylpyrene 83.8 122 117 109 156 150 101 143 142 77.3 129 106 59.9 95.1 94.4 46.0 50.0 70.0 25.0 51.5 40.5
Benzo (a) anthracene 99.1 131 183 129 186 241 116 179 232 92.6 153 174 78.5 112 152 57.0 65.0 73.0 43.7 63.4 67.6
Chrysene 77.6 119 116 111 163 161 99.7 149 145 87.5 124 118 69.8 91.4 99.9 55.0 78.0 81.0 35.0 45.7 48.3
5-methylchrysene 82.5 73.1 102 111 104 126 108 94.0 120 87.0 79.4 98.6 69.1 60.6 70.8 51.0 41.0 59.4 31.2 34.5 29.1
Benzo (b) fluoranthene 27.7 42.4 48.5 37.9 55.0 62.2 34.9 50.1 59.1 30.7 45.1 51.0 21.6 34.1 37.9 17.8 30.8 35.5 20.0 24.0 14.3
Benzo (k) fluoranthene 99.0 108 108 141 152 135 129 145 131 103 125 98.5 77.8 94.3 85.0 71.0 70.0 81.0 46.7 53.3 39.1
Benzo (e) pyrene 25.5 24.7 39.8 34.9 33.8 52.4 31.4 32.8 50.9 27.6 25.7 37.7 20.2 20.6 28.8 20.6 16.6 30.9 18.0 21.0 25.0
Benzo (a) Pyrene 50.6 34.6 62.7 61.0 46.8 85.8 56.1 45.4 79.0 47.0 38.4 67.0 36.6 27.1 50.6 32.3 26.7 38.6 15.9 12.6 30.0
Perylene 78.0 68.3 74.4 111 83.3 99.2 105 74.9 94.2 81.3 62.5 81.3 66.9 50.8 56.5 45.0 48.3 46.6 26.7 20.0 26.8
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 1914 2136 2302 2526 2791 3027 2240 2485 2743 1881 2079 2260 1405 1576 1731 1126 1211 1356 783 860 880
Week Week WeekName Week Week Week Week
7
25000 ppm Treatment








Naphthalene 3.20 3.85 4.24 3.05 3.70 4.04 2.78 3.40 3.67 2.53 3.10 3.30 2.28 2.62 2.72 1.56 1.94 2.35 1.11 1.12 1.47 1.08 1.16 1.18
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 3.84 4.61 4.90 3.62 4.44 4.63 3.40 4.13 4.26 3.06 3.67 3.92 2.62 3.30 3.45 2.21 2.56 2.38 1.16 1.44 1.32 1.05 1.49 1.74
Biphenyl 0.91 1.07 1.10 0.89 1.04 1.04 0.83 0.95 0.97 0.74 0.89 0.89 0.67 0.77 0.77 0.47 0.59 0.61 0.33 0.31 0.37 0.26 0.31 0.37
2-ethylnaphthalene 2.82 3.19 3.26 2.66 3.04 3.19 2.48 2.76 2.94 2.20 2.49 2.61 1.88 2.27 2.20 1.46 1.71 1.91 0.99 0.94 1.18 0.79 1.19 0.97
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 2.32 2.72 2.79 2.28 2.62 2.63 2.12 2.44 2.50 1.99 2.19 2.35 1.69 1.83 1.85 1.16 1.56 1.40 0.66 0.83 0.83 0.78 0.75 0.85
Dibenzofuran 2.33 2.50 2.81 2.20 2.46 2.75 1.98 2.23 2.48 1.88 2.03 2.33 1.62 1.85 2.03 1.17 1.23 1.36 0.73 0.85 0.89 0.65 0.92 0.92
Fluorene 2.23 2.71 2.93 2.16 2.58 2.82 1.99 2.37 2.65 1.77 2.09 2.52 1.57 1.95 2.07 1.19 1.42 1.69 0.70 0.74 1.01 0.76 0.97 0.82
Dibenzothiophene 2.49 2.98 3.09 2.37 2.87 3.03 2.18 2.70 2.78 2.07 2.45 2.59 1.72 2.18 2.20 1.22 1.73 1.75 0.74 1.08 1.09 0.87 0.92 1.25
Phenanthrene 3.20 3.56 4.34 3.01 3.49 4.10 2.86 3.14 3.89 2.61 2.80 3.58 2.21 2.42 2.96 1.66 1.82 2.18 1.09 1.16 1.52 1.06 1.04 1.24
Anthracene 4.77 5.51 6.69 4.67 5.20 6.31 4.21 4.94 5.87 3.83 4.64 5.52 3.11 4.10 4.46 2.57 2.86 3.40 1.64 1.83 1.99 1.43 1.58 1.99
Carbozole 2.77 3.31 3.61 2.64 3.15 3.40 2.50 2.96 3.06 2.35 2.72 2.69 1.88 2.28 2.54 1.40 1.69 1.96 0.78 0.89 0.95 0.78 1.01 1.35
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 2.96 3.19 3.55 2.85 3.13 3.48 2.70 2.88 3.23 2.49 2.68 3.01 2.16 2.13 2.43 1.76 1.73 2.04 0.84 1.12 1.03 0.87 1.09 1.26
2-methylanthracene 1.07 1.39 1.49 1.05 1.35 1.44 0.99 1.28 1.36 0.91 1.17 1.29 0.78 0.95 1.09 0.55 0.72 0.75 0.36 0.47 0.46 0.35 0.58 0.58
1-methylphenanthrene 1.57 1.87 2.19 1.52 1.83 2.07 1.40 1.68 1.86 1.32 1.55 1.66 1.04 1.28 1.40 0.87 0.96 1.15 0.46 0.54 0.56 0.45 0.67 0.84
3,6-dimethylphenanthrene 2.05 2.45 2.80 2.01 2.40 2.64 1.89 2.26 2.45 1.78 2.10 2.21 1.40 1.85 1.82 1.12 1.44 1.57 0.68 0.88 0.76 0.70 0.99 1.03
Fluoranthene 1.27 1.44 1.56 1.23 1.37 1.52 1.12 1.26 1.38 1.01 1.20 1.29 0.91 0.97 1.11 0.72 0.80 0.82 0.37 0.38 0.44 0.46 0.42 0.47
Pyrene 2.74 2.96 3.87 2.64 2.88 3.68 2.43 2.70 3.31 2.28 2.54 3.02 1.92 2.19 2.58 1.43 1.51 1.89 0.78 1.00 1.26 0.92 0.97 1.19
Benzo (a) fluorene 1.47 1.76 1.82 1.40 1.68 1.75 1.28 1.56 1.64 1.22 1.48 1.53 1.04 1.28 1.25 0.71 0.89 0.90 0.51 0.50 0.61 0.48 0.64 0.64
1-methylpyrene 3.35 3.75 4.02 3.22 3.54 3.94 3.03 3.29 3.62 2.88 3.03 3.30 2.42 2.63 2.83 1.70 1.81 2.21 0.97 1.15 1.27 1.18 1.18 1.12
Benzo (a) anthracene 4.43 4.98 5.50 4.18 4.74 5.39 3.80 4.31 5.13 3.61 3.97 4.82 2.89 3.36 3.79 2.47 2.67 2.82 1.41 1.60 1.54 1.37 1.72 2.15
Chrysene 4.17 4.86 5.13 4.01 4.72 4.84 3.69 4.34 4.36 3.39 3.95 4.14 2.91 3.30 3.27 2.36 2.61 2.53 1.22 1.74 1.52 1.18 1.61 1.52
5-methylchrysene 3.48 3.34 3.72 3.32 3.28 3.54 3.05 3.08 3.36 2.81 2.74 3.16 2.50 2.31 2.49 1.80 1.79 1.95 1.04 1.20 1.04 1.04 1.11 1.38
Benzo (b) fluoranthene 1.32 1.46 1.65 1.27 1.39 1.60 1.15 1.26 1.45 1.04 1.20 1.34 0.93 1.00 1.19 0.70 0.78 0.81 0.42 0.47 0.54 0.48 0.38 0.60
Benzo (k) fluoranthene 2.63 3.12 3.52 2.56 3.00 3.45 2.43 2.85 3.27 2.16 2.71 2.91 1.80 2.16 2.42 1.36 1.62 1.83 0.95 1.08 1.02 1.09 1.20 1.02
Benzo (e) pyrene 1.03 1.17 1.33 1.00 1.14 1.31 0.92 1.07 1.23 0.83 0.97 1.17 0.69 0.82 0.99 0.54 0.63 0.76 0.31 0.32 0.42 0.28 0.45 0.50
Benzo (a) Pyrene 1.50 1.72 1.93 1.42 1.67 1.84 1.32 1.50 1.75 1.21 1.41 1.57 1.04 1.22 1.34 0.82 0.98 0.99 0.43 0.56 0.61 0.47 0.57 0.59
Perylene 2.29 2.56 2.75 2.16 2.51 2.67 2.01 2.38 2.48 1.89 2.22 2.33 1.49 1.93 1.88 1.23 1.48 1.36 0.72 0.76 0.84 0.74 0.93 0.74
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 68.2 78.0 86.6 65.4 75.2 83.1 60.5 69.7 77.0 55.9 64.0 71.0 47.2 55.0 59.1 36.2 41.5 45.4 21.4 24.9 26.5 21.6 25.8 28.3
Week Week Week Week Week Week Week WeekName
Water Control Treatment








Naphthalene 3.25 4.05 4.26 2.73 3.44 3.62 2.86 3.24 3.66 2.24 2.96 2.77 2.08 2.47 2.60 1.66 2.19 2.30 0.71 1.03 0.91
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 4.08 4.74 5.06 3.59 4.08 4.36 3.39 3.94 4.15 2.82 3.51 3.80 2.33 2.94 2.94 2.41 2.47 2.89 0.90 1.06 1.35
Biphenyl 1.00 1.10 1.13 0.87 0.95 0.99 0.82 0.93 0.94 0.70 0.80 0.79 0.64 0.66 0.70 0.55 0.59 0.68 0.27 0.26 0.35
2-ethylnaphthalene 2.87 3.18 3.38 2.53 2.77 2.91 2.30 2.77 2.94 1.98 2.16 2.43 1.81 2.03 1.89 1.44 1.59 1.89 0.81 0.94 0.81
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 2.52 2.92 2.93 2.19 2.48 2.46 2.17 2.60 2.55 1.74 1.90 2.20 1.61 1.78 1.64 1.41 1.58 1.49 0.61 0.75 0.86
Dibenzofuran 2.33 2.66 2.88 2.01 2.31 2.50 1.91 2.18 2.50 1.68 1.86 2.01 1.42 1.54 1.58 1.28 1.33 1.64 0.62 0.58 0.73
Fluorene 2.31 2.85 3.15 1.96 2.45 2.68 2.01 2.56 2.80 1.64 2.14 2.27 1.34 1.79 1.92 1.18 1.51 1.70 0.55 0.78 0.83
Dibenzothiophene 2.61 3.10 3.26 2.22 2.63 2.74 2.14 2.51 2.77 1.80 2.08 2.35 1.46 1.95 1.79 1.39 1.70 1.63 0.64 0.92 0.77
Phenanthrene 3.35 3.71 4.67 2.85 3.22 4.11 2.78 3.04 4.01 2.45 2.59 3.45 2.04 2.08 2.66 1.88 1.93 2.43 0.91 0.81 1.07
Anthracene 4.84 5.73 6.81 4.11 5.04 5.92 3.87 4.87 6.06 3.14 3.84 4.49 2.81 3.32 4.08 2.56 3.44 3.54 1.23 1.71 1.95
Carbozole 2.95 3.43 3.64 2.60 2.88 3.06 2.42 2.88 2.91 2.22 2.51 2.62 1.63 2.13 2.19 1.57 1.96 1.89 0.78 0.87 0.92
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 3.24 3.46 3.82 2.76 3.01 3.32 2.92 3.04 3.05 2.17 2.32 2.86 2.11 1.97 2.14 1.72 2.04 2.29 0.69 0.90 1.03
2-methylanthracene 1.14 1.52 1.56 0.97 1.34 1.37 0.96 1.36 1.26 0.75 1.04 1.06 0.71 0.88 0.89 0.67 0.79 0.84 0.33 0.44 0.45
1-methylphenanthrene 1.63 1.95 2.18 1.41 1.66 1.85 1.40 1.72 1.77 1.06 1.39 1.61 0.93 1.13 1.31 0.93 1.04 1.26 0.41 0.55 0.63
3,6-dimethylphenanthrene 2.21 2.66 2.82 1.90 2.29 2.43 1.97 2.21 2.29 1.66 1.89 2.06 1.26 1.60 1.81 1.33 1.41 1.61 0.48 0.69 0.80
Fluoranthene 1.31 1.45 1.62 1.10 1.22 1.36 1.06 1.20 1.29 0.93 0.99 1.20 0.75 0.81 0.97 0.79 0.77 0.94 0.29 0.38 0.48
Pyrene 2.89 3.22 3.98 2.54 2.83 3.50 2.54 2.67 3.18 2.11 2.22 2.78 1.85 2.03 2.23 1.73 1.71 2.07 0.69 0.85 1.12
Benzo (a) fluorene 1.50 1.83 1.89 1.26 1.61 1.59 1.31 1.59 1.62 1.04 1.31 1.34 0.96 1.11 1.11 0.87 0.91 1.10 0.35 0.55 0.51
1-methylpyrene 3.58 3.78 4.17 3.00 3.25 3.50 2.97 3.10 3.71 2.47 2.46 3.04 2.22 2.08 2.50 1.97 2.12 2.25 0.78 0.81 0.94
Benzo (a) anthracene 4.56 5.17 6.05 3.97 4.45 5.20 3.70 4.14 4.96 3.24 3.73 4.23 2.69 3.16 3.57 2.37 3.00 3.27 1.19 1.42 1.77
Chrysene 4.24 5.21 5.10 3.60 4.48 4.38 3.69 4.33 4.49 2.97 3.60 3.77 2.59 3.13 3.06 2.16 3.08 3.06 0.94 1.57 1.18
5-methylchrysene 3.51 3.57 3.97 3.09 3.00 3.33 2.98 2.93 3.25 2.35 2.54 2.82 2.03 2.29 2.26 2.00 2.04 2.22 1.05 0.81 0.83
Benzo (b) fluoranthene 1.34 1.52 1.67 1.17 1.33 1.44 1.21 1.33 1.34 0.90 1.03 1.09 0.75 0.88 0.99 0.67 0.89 0.97 0.31 0.39 0.45
Benzo (k) fluoranthene 2.84 3.39 3.83 2.44 2.98 3.37 2.53 2.78 3.22 2.05 2.41 2.68 1.79 2.10 2.26 1.54 1.73 1.99 0.86 0.95 1.18
Benzo (e) pyrene 1.09 1.25 1.46 0.94 1.10 1.27 0.94 1.08 1.24 0.78 0.94 1.08 0.60 0.76 0.83 0.56 0.73 0.77 0.29 0.32 0.34
Benzo (a) Pyrene 1.54 1.73 2.06 1.29 1.45 1.81 1.36 1.42 1.83 1.03 1.28 1.50 0.99 1.04 1.30 0.86 1.04 1.17 0.36 0.39 0.53
Perylene 2.41 2.74 2.85 2.03 2.30 2.42 2.12 2.19 2.54 1.57 2.00 1.85 1.33 1.65 1.63 1.35 1.51 1.51 0.53 0.64 0.82
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 71.2 81.9 90.2 61.1 70.6 77.5 60.3 68.6 76.3 49.5 57.5 64.2 42.7 49.3 52.8 38.8 45.1 49.4 17.6 21.4 23.6
WeekWeek Week Week Week Week WeekName
Sediemnt Control  Treatment





Table A.10. Summary of the PAH (µg/Kg, dry weight) content in triploid oysters during winter exposure study (continued). 
 
 
Naphthalene 19.2 23.9 25.1 28.8 31.1 32.7 18.1 20.5 19.6 10.9 11.5 9.8 10.6 9.3 9.8 8.9 7.1 6.5 6.1 4.8 5.0
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 23.7 26.6 29.4 30.8 31.9 44.1 21.5 22.0 27.3 10.5 11.5 17.2 9.2 11.5 13.7 10.3 8.1 7.2 6.4 5.1 4.5
Biphenyl 5.49 6.36 6.57 7.68 8.91 9.20 6.99 7.84 8.74 5.15 6.06 6.72 4.92 5.88 5.61 3.00 2.67 3.31 3.00 2.94 3.59
2-ethylnaphthalene 14.4 16.2 19.3 17.2 21.1 27.0 16.0 19.4 25.6 12.1 15.2 18.3 10.9 14.5 18.9 6.21 8.43 10.0 6.38 7.59 9.70
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 14.4 16.7 15.5 17.2 20.0 23.3 15.2 18.0 21.0 11.9 14.8 17.0 12.1 12.8 14.9 6.72 6.80 8.15 6.03 7.80 7.45
Dibenzofuran 14.0 13.8 16.4 21.0 16.6 19.7 19.7 15.3 18.5 15.7 11.8 14.0 13.0 10.6 13.8 8.40 5.14 6.49 6.72 5.14 7.47
Fluorene 13.4 16.5 18.0 17.4 23.1 23.3 15.3 21.7 21.2 12.2 15.7 17.3 10.8 15.5 14.7 6.27 8.79 7.70 5.74 8.79 8.87
Dibenzothiophene 13.1 17.4 17.3 19.6 26.0 24.2 18.0 22.9 21.5 14.7 18.5 16.9 13.3 15.9 16.2 6.47 7.81 8.70 7.26 9.63 7.25
Phenanthrene 19.4 18.9 23.3 25.3 22.7 35.0 22.2 21.1 31.2 17.2 16.8 25.6 15.4 15.0 24.2 8.08 8.39 11.2 8.34 8.17 11.6
Anthracene 28.5 32.1 37.4 34.2 38.5 44.9 31.5 35.4 41.3 24.7 27.3 33.2 24.0 23.1 29.6 13.7 13.5 15.3 13.0 15.4 17.5
Carbozole 16.5 17.2 18.6 24.8 20.6 24.2 22.8 18.3 21.5 18.6 14.4 17.2 15.6 12.8 16.4 9.93 7.21 7.25 7.94 6.18 8.94
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 17.8 20.1 20.2 25.0 24.1 30.3 23.0 21.4 27.6 18.5 17.6 21.5 15.5 14.7 20.6 7.49 7.22 11.5 8.49 8.66 10.3
2-methylanthracene 6.61 7.62 8.59 8.59 9.14 12.0 8.07 8.50 11.1 5.93 6.22 8.42 5.15 6.40 8.30 2.58 3.02 4.57 2.92 2.93 4.45
1-methylphenanthrene 9.59 10.5 12.6 13.4 13.7 15.2 12.6 12.3 13.5 9.27 9.60 10.2 9.13 8.78 9.86 4.43 4.66 5.92 5.37 4.25 4.85
3,6-dimethylphenanthrene 12.8 14.4 16.7 16.7 17.2 23.3 15.0 16.2 20.5 11.7 11.9 17.3 10.8 11.4 14.0 6.67 6.21 6.99 5.34 5.17 9.09
Fluoranthene 6.57 8.27 8.41 8.5 12.4 10.9 7.69 11.3 9.6 6.23 8.69 8.20 5.72 8.31 7.44 3.07 4.96 3.50 2.90 3.85 3.39
Pyrene 14.4 17.7 23.5 21.7 23.0 32.8 19.5 21.6 29.6 15.8 15.4 23.0 13.9 14.0 21.3 6.93 7.13 12.5 6.71 6.90 11.5
Benzo (a) fluorene 8.11 9.67 10.0 9.73 14.5 12.0 9.2 13.8 10.8 6.91 10.2 8.05 6.04 9.29 7.57 3.50 5.08 3.96 2.92 5.80 4.44
1-methylpyrene 19.3 21.2 25.0 23.2 31.8 35.0 21.3 29.2 31.1 16.2 23.2 24.8 14.1 20.0 23.1 8.57 9.53 11.5 8.1 10.5 11.9
Benzo (a) anthracene 27.4 28.5 30.8 38.3 34.1 43.2 36.0 30.1 38.9 26.1 24.9 29.4 23.4 22.5 26.8 13.8 10.6 14.7 11.5 12.3 14.2
Chrysene 22.9 31.3 26.0 34.3 40.7 31.2 31.9 37.4 29.0 25.4 27.6 21.5 23.7 26.8 19.7 10.3 15.4 12.5 10.6 12.2 11.9
5-methylchrysene 17.5 18.6 19.8 21.0 24.2 27.8 20.0 21.7 24.4 15.6 16.2 20.8 12.8 15.7 19.2 6.73 9.18 10.56 7.15 8.46 9.17
Benzo (b) fluoranthene 6.97 7.73 8.86 9.06 10.1 12.4 8.33 9.35 11.4 6.70 7.24 8.56 6.25 7.04 8.56 2.99 3.62 3.84 3.44 3.42 3.84
Benzo (k) fluoranthene 17.1 19.3 21.8 23.9 27.0 28.4 22.0 24.1 26.4 16.7 18.7 20.2 14.8 17.9 17.0 8.12 10.0 9.9 7.16 10.8 10.5
Benzo (e) pyrene 5.90 6.75 8.47 8.26 10.1 12.7 7.26 9.32 11.7 5.61 7.59 8.77 5.53 6.28 8.13 3.05 3.95 5.08 3.30 3.04 4.32
Benzo (a) Pyrene 8.78 9.67 11.5 10.5 13.5 17.3 9.38 12.9 16.4 7.48 9.89 12.8 7.16 9.07 10.6 3.37 5.28 5.71 3.69 4.47 6.05
Perylene 13.3 15.1 17.1 19.9 18.1 22.2 17.9 16.3 20.5 13.3 12.8 15.8 12.1 11.8 14.9 6.37 6.15 7.34 7.57 6.33 8.23
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 397 452 496 536 584 674 477 518 590 361 391 452 326 357 415 186 196 222 174 191 220
Week Week Week Week Week Week WeekName
500 ppm Treatment





Table A.10. Summary of the PAH (µg/Kg, dry weight) content in triploid oysters during winter exposure study (continued). 
 
 
Naphthalene 66.5 75.0 73.3 97.8 109 108 55.7 56.5 57.1 40.1 54.3 46.4 32.3 41.3 38.8 20.0 24.3 26.4 12.3 21.3 18.8
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 84.2 82.6 100.3 111 115 145 67.6 57.4 77.1 47.6 56.2 61.1 38.8 41.3 50.9 27.6 16.2 31.4 18.9 11.3 20.9
Biphenyl 20.9 25.7 24.2 26.1 32.1 32.2 23.8 30.1 29.3 19.3 24.1 22.9 15.7 15.4 14.5 11.5 13.2 14.8 9.7 12.8 13.5
2-ethylnaphthalene 46.5 55.3 66.6 65.5 80.1 102.4 62.2 74.5 93.2 45.2 61.7 78.9 39.3 40.8 53.3 31.4 36.8 48.1 22.9 31.2 41.0
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 43.4 47.6 59.5 60.3 70.0 83.8 55.5 67.2 76.3 43.4 49.0 60.3 38.6 33.6 45.3 27.1 33.6 34.4 22.9 28.7 33.5
Dibenzofuran 61.4 39.5 56.0 77.7 58.1 72.8 73.0 55.2 69.1 55.1 40.6 50.9 42.7 27.9 33.5 31.1 23.2 29.1 31.1 22.1 27.7
Fluorene 40.8 54.3 70.1 57.4 78.6 88.7 55.1 71.6 82.5 39.1 59.8 63.9 34.5 36.2 44.4 27.0 31.5 39.9 20.7 29.9 33.7
Dibenzothiophene 52.2 69.4 64.4 68.6 93.7 87.0 64.5 89.0 83.5 48.7 64.7 60.0 43.2 51.6 43.5 32.3 45.0 42.6 27.5 32.8 30.5
Phenanthrene 60.0 56.4 104 83.4 79.4 130 80.0 72.3 122 62.5 56.4 98.5 50.0 39.7 70.0 35.0 31.8 63.5 32.5 33.3 46.6
Anthracene 81.5 110 105 116 146 157 109 136 146 86.2 105.3 113.2 73.4 73.1 81.8 47.7 61.4 72.3 39.6 49.7 64.5
Carbozole 64.3 59.3 62.4 89.4 74.2 82.1 83.1 67.5 74.7 65.2 54.1 56.7 58.1 39.3 39.4 35.7 31.9 40.2 32.2 28.9 29.6
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 60.3 67.7 68.1 84.9 89.0 103.2 79.0 83.7 98.0 62.9 60.5 74.3 51.8 42.7 49.5 35.7 35.6 46.4 34.0 31.2 38.2
2-methylanthracene 18.7 23.5 29.4 28.3 30.2 40.9 26.1 28.1 39.2 21.5 22.0 29.8 17.3 15.4 21.7 12.8 13.9 19.6 9.9 12.7 16.8
1-methylphenanthrene 32.0 32.2 36.5 47.0 46.6 56.1 43.7 42.4 53.9 35.7 33.6 42.1 30.6 22.4 25.3 20.2 19.1 24.1 16.5 15.9 20.8
3,6-dimethylphenanthrene 42.5 49.1 67.3 63.4 65.5 86.3 59.6 62.2 81.1 48.8 48.5 59.5 36.1 32.1 38.8 31.1 32.8 36.2 24.1 26.2 34.5
Fluoranthene 22.5 27.4 28.6 28.2 40.9 37.2 27.1 38.5 35.7 19.4 31.1 25.3 17.8 18.8 19.3 12.4 17.2 18.2 10.4 15.2 12.3
Pyrene 52.2 57.9 80.2 78.0 78.2 108 74.1 73.5 101 60.0 58.7 81.3 48.3 41.5 52.0 38.2 37.5 43.4 32.7 27.4 41.2
Benzo (a) fluorene 20.9 34.5 35.1 32.1 47.9 44.4 30.2 44.5 42.2 24.7 35.9 32.4 19.3 26.3 21.8 14.1 21.1 20.0 11.6 15.8 15.1
1-methylpyrene 52.0 70.2 89.2 78.8 108 119 74.1 104 113 59.1 76.7 91.6 44.9 50.8 59.5 37.8 49.7 51.2 29.9 37.8 46.4
Benzo (a) anthracene 87.2 90.8 117 134 120 147 125 111 138 97.9 81.3 113 81.8 64.5 70.5 57.7 55.0 61.7 55.0 45.4 48.4
Chrysene 84.1 116 72.1 124 146 103 114 136 97.8 90.2 111.2 75.2 68.0 80.5 53.5 53.1 70.3 47.4 40.8 49.8 42.2
5-methylchrysene 46.5 59.2 71.9 69.4 84.6 103 65.3 80.3 96.6 53.5 60.9 74.0 41.0 42.3 48.3 33.3 37.2 47.3 29.2 28.8 36.0
Benzo (b) fluoranthene 27.2 22.2 28.2 34.4 33.2 40.9 33.0 31.2 39.3 23.8 25.5 29.9 20.7 17.6 21.3 15.5 14.6 17.2 11.7 13.6 13.5
Benzo (k) fluoranthene 69.8 67.2 66.5 88.4 97.4 93.7 83.1 92.5 86.2 66.3 72.1 69.3 50.4 44.8 45.9 36.2 38.9 39.3 33.6 36.0 38.4
Benzo (e) pyrene 20.5 27.2 27.3 28.1 34.4 41.9 26.7 33.0 40.3 20.5 24.1 29.4 16.0 17.6 22.6 12.6 14.8 20.6 10.7 13.4 14.7
Benzo (a) Pyrene 26.9 32.6 40.0 37.9 44.7 58.8 36.4 40.7 55.9 29.2 31.3 45.3 21.2 24.6 28.2 18.6 20.1 26.5 13.7 18.8 21.8
Perylene 44.0 45.4 53.7 67.7 68.8 75.6 65.0 66.0 72.6 49.4 48.1 52.9 39.3 33.0 38.6 27.8 33.7 36.3 25.1 23.4 28.0
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 1329 1497 1697 1878 2071 2348 1692 1845 2101 1316 1448 1638 1071 1015 1132 784 860 998 659 713 828
Week WeekWeekWeek Week Week WeekName
5000 ppm Treatment





Table A.10. Summary of the PAH (µg/Kg, dry weight) content in triploid oysters during winter exposure study (continued). 
 
 
Naphthalene 119 108 126 156 152 173 150 143 159 87.6 88.3 109 58.2 45.9 36.6 43.8 48.7 58.7 24.0 29.0 19.0
Benzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 124 138 131 177 172 174 163 158 157 103 103 99.4 68.1 75.8 70.5 62.1 39.6 55.8 30.0 21.0 36.0
Biphenyl 30.6 34.1 38.7 39.2 44.9 51.5 37.6 42.7 50.0 31.7 33.7 41.2 22.7 27.4 31.4 19.3 21.6 23.9 9.01 12.1 16.5
2-ethylnaphthalene 65.1 104 125 91.7 128 174 82.5 115 169 65.1 93.5 125 50.4 79 103 37.1 53.3 52.2 28.4 30.8 48.8
Acenaphthylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acenaphthene 54.3 88.4 104 72.4 112 126 70.2 106 121 54.3 85.1 94.3 44.1 61.6 74.2 41.3 46.4 54.8 18.1 38.1 39.0
Dibenzofuran 70.8 58.9 65.5 93.2 75.5 87.3 87.6 71.7 84.7 72.7 56.6 65.5 55.9 42.3 50.6 39.6 29.5 42.0 26.1 20.4 29.7
Fluorene 78.1 94.4 91.1 97.6 118 115 94.7 110 107 71.3 93.2 81.9 59.6 73.1 64.6 44.2 40.5 41.8 23.4 34.2 31.1
Dibenzothiophene 67.5 126 100 82.4 159 139 76.6 148 135 62.6 132 110 49.4 95.6 76.6 35.6 46.8 45.4 28.8 36.7 40.4
Phenanthrene 82.9 75.3 165 117 103 220 111 93.9 214 91.0 82.6 178 68.9 61.9 128 52.1 52.6 62.5 31.5 31.0 61.7
Anthracene 158 184 191 198 249 236 182 226 222 143 177 170 123 157 130 72.0 54.9 57.9 61.4 82.0 56.6
Carbozole 87 99 99 107 119 123 96.5 108 113 84.7 86.6 93.6 60.0 66.5 67.8 47.9 45.4 50.3 37.5 28.5 38.2
4-methylbenzothiophene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-methylphenanthrene 107 103 123 144 142 175 133 131 160 118 107 140 82.3 86.9 107 58.2 64.1 62.1 44.8 49.9 45.6
2-methylanthracene 31.9 33.4 44.1 42.5 42.2 57.2 38.3 39.3 53.2 34.0 32.5 40.6 26.4 26.6 36.1 22.6 21.3 30.4 9.78 12.7 17.7
1-methylphenanthrene 44.6 60.2 68.2 61.1 79.3 84.2 59.3 76.9 80.8 50.7 59.4 66.5 35.4 49.1 48.0 26.1 31.0 43.9 20.8 20.6 29.5
3,6-dimethylphenanthrene 83.0 76.5 113 108 105 147 105 97.5 136 87.3 78.6 104 66.8 65.0 90.9 46.6 46.7 35.6 33.4 28.3 49.9
Fluoranthene 31.6 53.7 48.0 39.5 65.5 63.2 35.9 59.6 60.7 32.7 51.1 51.2 22.9 36.0 39.2 21.7 30.6 26.2 12.2 15.7 20.2
Pyrene 81.9 66.6 108 117 93.9 152 113 86.4 143 97.1 66.6 118 70.2 59.1 89.5 58.9 42.1 50.4 29.2 24.4 37.9
Benzo (a) fluorene 39.5 53.6 42.7 48.2 76.6 53.3 46.3 73.6 50.1 35.2 57.5 38.4 28.9 46.7 33.6 20.6 36.1 20.4 13.5 23.8 14.9
1-methylpyrene 98.1 118 104 118 151 143 115 141 129 85.1 120 101 72.1 83.2 80.0 59.6 61.1 66.9 33.1 34.8 44.3
Benzo (a) anthracene 129 119 156 174 167 191 159 161 176 139 129 139 97.6 100 116 81.0 60.4 69.7 48.8 53.5 53.4
Chrysene 124 166 119 161 205 154 156 199 147 124 160 122 101 113 86.5 68.7 71.3 58.5 41.8 59.4 37.1
5-methylchrysene 64.2 112 143 83.3 144 175 78 134 162 61 104 138 48 82 97.8 45.4 44.2 54.8 19.2 41.7 57.7
Benzo (b) fluoranthene 36.7 37.6 45.4 44.8 46.4 61.4 40.7 42.3 58.9 32.7 33.9 49.7 26.4 25.5 36.2 20.8 21.6 28.4 14.3 11.6 15.3
Benzo (k) fluoranthene 95.4 125 100 133 156 122 127 143 118 107 120 101 74.2 95.0 69.4 47.9 52.2 56.7 46.4 45.2 32.9
Benzo (e) pyrene 28.8 34.2 53.5 36.5 48.2 71.3 33.2 46.7 64.9 27.0 40.0 57.0 22.6 29.4 44.2 20.1 19.9 38.5 10.9 13.0 19.3
Benzo (a) Pyrene 39.8 53.9 70.6 56.9 76.0 94.1 51.2 70.7 85.6 41.5 53.9 78.1 32.4 46.3 55.5 31.4 40.6 36.4 19.3 22.0 26.3
Perylene 87.5 59.4 72.6 115 82.5 90.7 104 75.9 84.4 95.6 58.6 66.2 67.9 49.5 57.2 30.4 37.1 40.0 32.2 22.3 27.2
Indeno (1,2,3 - cd) pyrene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzo (a,h) anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Benzo (g,h,i) perylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ΣPAH 2060 2381 2648 2715 3114 3453 2546 2901 3240 2035 2302 2581 1535 1780 1920 1155 1160 1264 748 843 946
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7/28/2011 BJ#1 29.4 13900 9.6 180 8.00 3.8 6.41 198
BJ#2 30.1 12510 7.7 180 6.80 4.0 6.28 166
BJ#3 28.9 13761 10 164 8.48 3.9 6.73 192
Avg. 29.5 13390 9.2 175 7.76 3.9 6.47 185
STDEV 0.6 766 1.3 9.35 0.87 0.1 0.2 16.8
GI#1 29.1 28000 7.7 182 17.2 3.0 6.35 175
GI#2 30.2 26510 9.2 198 15.3 3.8 6.73 160
GI#3 29.6 25930 9.2 189 16.8 3.5 6.28 152
Avg. 29.6 26813 8.7 190 16.4 3.5 6.45 162
STDEV 0.6 1068 0.9 8.12 1.0 0.4 0.24 11.6
9/16/2011 BJ#1 27.2 9280 5.9 162 5.23 4.1 7.22 258
BJ#2 26.7 9373 5.6 157 5.13 4.2 7.51 250
BJ#3 28.6 9558 5.5 149 4.97 4.1 6.86 268
Avg. 27.5 9404 5.7 156 5.11 4.1 7.20 259
STDEV 1.0 142 0.2 6.55 0.13 0.1 0.33 9.06
GI#1 27.4 30500 6.1 162 18.9 4.1 6.79 201
GI#2 27.2 29230 6.0 157 17.6 4.3 7.36 185
GI#3 26.9 28940 6.1 168 18.1 3.9 7.29 179
Avg. 27.2 29557 6.0 163 18.2 4.1 7.15 188
STDEV 0.2 830 0.1 5.69 0.66 0.2 0.31 11.4
11/21/2011 BJ#1 21.3 34100 7.8 109 21.4 4.9 6.87 124
BJ#2 21.7 35805 7.7 113 21.2 5.0 7.01 131
BJ#3 20.2 32736 8.2 109 21.0 5.1 7.08 119
Avg. 21.1 34214 7.9 110 21.2 5.0 6.98 125
STDEV 0.8 1538 0.3 2.52 0.21 0.1 0.10 6.24
GI#1 21.5 41600 7.9 110 26.7 5.0 6.87 112
GI#2 21.8 40320 8.1 113 25.8 4.9 7.08 109
GI#3 21.1 40560 7.4 107 27.1 5.0 7.21 95.3
Avg. 21.5 40827 7.8 110 26.5 5.0 7.05 105
STDEV 0.4 680 0.4 3.27 0.67 0.1 0.17 8.80
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2/28/2012 BJ#1 14.0 5280 17 352 2.81 5.2 6.95 125
BJ#2 14.4 5280 16 341 2.78 5.5 6.81 132
BJ#3 13.7 5069 19 359 2.92 5.4 6.88 118
Avg. 14.0 5210 17.5 351 2.8 5.4 6.88 125
STDEV 0.4 122 1.3 8.86 0.1 0.1 0.07 7.00
GI#1 16.6 34600 18 338 21.8 5.1 7.23 87.3
GI#2 16.8 35210 13 370 20.5 5.0 6.88 99.2
GI#3 17.3 34150 17 348 19.8 5.5 7.02 108
Avg. 16.9 34653 15.8 352 20.7 5.2 7.04 98.2
STDEV 0.4 532 2.4 16.1 1.0 0.2 0.17 10.4
5/30/2012 BJ#1 29.0 14800 9.2 234 8.63 6.3 7.12 167
BJ#2 28.7 14208 8.8 241 8.72 6.6 7.33 174
BJ#3 27.8 15096 9.7 236 8.72 6.1 7.12 165
Avg. 28.5 14701 9.2 237 8.7 6.3 7.19 169
STDEV 0.6 452 0.4 3.57 0.05 0.2 0.12 4.4
GI#1 26.5 29600 8.9 243 16.8 6.2 7.26 152
GI#2 27.7 28420 9.2 222 15.2 6.4 7.48 162
GI#3 28.1 27960 9.4 243 15.9 6.4 7.26 139
Avg. 27.9 28190 9.3 233 15.6 6.4 7.37 150
STDEV 0.3 325 0.1 14.9 0.49 0.0 0.15 16.3
8/23/2012 BJ#1 28.5 18200 12 139 10.7 4.5 6.45 244
BJ#2 28.8 16900 11 145 11.1 4.5 6.45 232
BJ#3 27.1 18551 11 139 10.3 4.5 6.13 242
Avg. 28.1 17884 11.3 141 10.7 4.5 6.34 239
STDEV 0.9 870 0.6 3.21 0.4 0.0 0.19 6.5
GI#1 28.1 36600 12 132 23.1 4.6 6.19 213
GI#2 28.6 35840 11 133 22.8 4.6 6.39 206
GI#3 28.3 33590 15 133 23.4 4.5 6.51 191
Avg. 28.3 35343 12.9 133 23.1 4.6 6.36 180
STDEV 0.3 1565 2.1 0.80 0.30 0.0 0.16 11.2
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9/7/2012 BJ#1 27.9 25500 14 57.0 15.5 3.6 7.03 307
BJ#2 29.0 26520 14 54.2 15.0 3.7 7.17 295
BJ#3 28.7 26010 14 57.6 15.0 3.8 6.75 313
Avg. 28.6 26010 14.0 56.2 15.2 3.7 6.98 305
STDEV 0.6 510 0.4 1.83 0.3 0.1 0.21 9.38
GI#1 29.1 37100 13 58.7 23.4 3.7 7.03 223
GI#2 28.8 36920 15 59.3 23.3 3.6 6.82 251
GI#3 29.3 37840 14 59.3 22.8 3.5 7.17 239
Avg. 29.1 37287 14.1 59.1 23.2 3.6 7.01 238
STDEV 0.3 488 0.7 0.33 0.32 0.1 0.18 14.0
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Table A.12. Summary of raw results (µg/Kg, dry wt) for sediments - July 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 2.37 3.61 3.52 5.33 4.33 4.66 5.49 4.99 5.25 4.62 2.76 3.76 3.45 4.52 3.89 1.17 1.56 0.99
Benzothiophene 1.17 0.00 0.00 0.00 0.00 0.00 0.00 1.95 0.00 0.00 1.10 0.00 1.41 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 3.43 2.55 2.58 3.79 3.37 3.56 3.46 4.46 2.69 3.26 3.57 2.69 4.12 2.60 3.75 0.59 0.96 0.60
Biphenyl 12.8 16.4 9.29 12.2 12.0 11.2 17.1 15.1 17.3 12.6 8.27 9.96 12.5 16.1 12.0 0.00 0.00 0.00
2-ethylnaphthalene 6.50 6.16 4.70 6.82 6.06 6.20 7.33 7.21 8.63 4.71 5.85 6.76 8.80 7.35 5.97 0.00 0.00 0.00
Acenaphthylene 1.71 0.00 0.00 0.00 0.00 0.00 0.00 2.59 0.00 0.00 1.86 0.00 2.15 0.00 0.00 0.00 0.00 0.00
Acenaphthene 4.40 4.74 4.18 6.11 4.95 5.14 5.35 5.76 5.20 5.41 5.18 4.01 4.06 7.16 6.20 0.00 0.00 0.00
Dibenzofuran 6.99 13.0 7.48 12.1 11.5 12.9 14.5 10.7 11.1 8.53 9.87 6.38 7.67 14.9 11.3 0.41 0.35 0.32
Fluorene 5.34 5.17 3.37 5.50 5.19 5.63 5.21 6.48 5.39 3.93 2.79 5.42 5.77 6.50 4.33 1.16 1.05 0.95
Dibenzothiophene 3.56 6.71 3.57 6.31 5.53 6.65 6.93 5.19 5.73 4.22 4.91 3.27 4.08 7.48 5.18 0.89 0.79 0.63
Phenanthrene 12.4 16.2 13.4 17.2 15.1 16.8 20.4 22.9 23.5 15.8 18.3 16.3 17.2 18.6 14.6 1.78 1.75 1.21
Anthracene 0.94 1.29 1.42 1.45 1.25 1.62 1.48 1.37 1.69 1.28 1.01 1.17 1.43 1.47 1.65 0.45 0.36 0.30
Carbozole 6.27 5.12 6.53 10.0 8.43 11.1 9.10 9.01 7.91 8.01 5.04 7.97 7.99 7.44 8.69 0.00 0.00 0.00
4-methyldibenzothiophene 9.62 7.25 7.19 15.5 13.7 19.8 16.1 22.1 11.4 11.0 9.97 9.05 15.0 10.5 9.44 0.00 0.00 0.00
2-methylphenanthrene 26.8 15.4 23.9 30.6 28.0 33.6 33.4 37.8 24.7 19.3 28.9 20.8 32.8 20.5 28.7 1.15 1.02 1.06
2-methylanthracene 14.6 10.1 14.5 15.5 14.0 15.2 18.9 19.0 18.4 13.8 11.0 16.2 15.6 15.4 17.1 0.00 0.00 0.00
1-methylphenanthrene 29.6 27.0 31.1 44.9 37.2 53.6 36.4 49.8 50.6 38.6 27.7 29.2 50.3 38.3 40.0 0.00 0.00 0.00
3,6-dimethylphenanthrene 21.0 31.8 21.0 41.1 36.8 40.3 36.8 31.1 37.3 30.4 30.7 30.5 29.7 38.3 27.9 1.44 0.99 0.99
Fluoranthene 13.9 12.3 11.4 16.0 13.3 15.1 15.8 14.5 19.7 16.0 13.9 13.8 15.2 15.3 13.4 1.81 1.55 1.47
Pyrene 11.5 14.4 16.6 17.8 15.0 16.4 18.6 16.1 18.7 15.0 13.2 16.4 16.1 21.9 20.3 1.49 1.32 1.14
Benzo(a)fluorene 9.62 7.25 7.19 15.5 13.7 19.8 16.1 22.1 11.4 11.0 9.97 9.05 14.8 10.1 9.91 0.00 0.00 0.00
1-methylpyrene 20.3 19.4 22.2 23.6 20.0 21.3 21.8 28.5 24.9 18.5 20.0 20.4 26.0 30.1 26.0 1.01 0.95 0.83
Benzo(a)anthracene 10.8 14.5 11.3 15.9 15.9 17.0 21.4 18.7 16.8 16.2 13.6 14.2 14.0 18.4 17.8 4.13 3.71 3.47
Chrysene 59.9 81.5 63.6 84.8 85.4 73.7 80.8 99.9 87.5 70.9 77.7 73.2 78.9 100 83.3 6.19 7.23 7.10
5-methylchrysene 29.6 39.5 24.7 48.9 51.9 51.9 57.1 44.8 50.4 38.0 41.5 39.4 39.9 50.8 37.2 0.00 0.00 0.00
Benzo(b)fluoranthene 10.8 12.7 7.31 13.2 11.9 15.1 12.0 13.6 14.6 10.2 7.94 11.5 11.9 16.3 8.59 2.36 1.91 1.75
Benzo(k)fluoranthene 4.51 4.41 5.45 7.65 5.96 7.20 5.75 5.87 4.91 5.88 4.85 5.76 5.14 4.73 5.57 3.07 2.54 2.10
Benzo(e)pyrene 21.2 15.0 13.5 30.1 25.1 25.6 24.2 27.4 28.9 22.3 21.2 22.8 25.3 21.0 20.5 6.45 5.41 4.74
Benzo(a)pyrene 8.03 5.77 6.49 10.3 8.51 9.98 8.21 9.11 9.64 5.76 4.49 5.96 8.98 6.95 7.73 6.95 4.07 7.76
Perylene 12.3 17.3 10.0 16.3 15.2 19.2 20.2 15.8 21.0 13.9 15.1 12.8 12.9 17.9 12.4 6.26 5.75 5.80
Indeno(1,2,3-cd)pyrene 0.85 0.00 0.00 0.00 0.00 0.00 0.00 1.35 0.00 0.00 0.94 0.00 1.03 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.35 4.37 3.01
Benzo(g,h,i)perylene 5.89 11.1 8.44 10.9 9.15 12.5 10.5 12.8 13.6 13.7 9.45 8.96 8.10 15.1 10.8 2.19 1.99 1.71
ΣPAH 389 428 366 545 499 553 550 588 559 443 433 428 502 546 474 55.3 49.6 47.9
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.13. Summary of raw results (µg/Kg, dry wt) for sediments - September 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 2.97 4.68 4.51 6.63 5.57 5.81 6.34 6.21 6.78 5.39 3.48 4.45 3.95 5.21 4.59 1.31 2.11 1.34
Benzothiophene 1.40 0.00 0.00 0.00 0.00 0.00 0.00 2.38 0.00 0.00 1.34 0.00 1.61 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 4.17 2.97 3.13 4.63 3.89 4.61 4.46 5.15 3.30 4.06 4.46 3.18 5.30 3.07 4.07 0.72 1.34 0.79
Biphenyl 15.7 19.5 11.7 15.4 14.4 13.0 21.3 19.5 21.3 16.3 10.6 11.8 13.4 21.2 15.1 0.00 0.00 0.00
2-ethylnaphthalene 7.92 7.85 5.58 8.76 7.18 7.55 9.27 9.33 10.6 5.52 7.17 7.81 12.2 8.42 7.29 0.00 0.00 0.00
Acenaphthylene 2.13 0.00 0.00 0.00 0.00 0.00 0.00 2.98 0.00 0.00 2.20 0.00 2.36 0.00 0.00 0.00 0.00 0.00
Acenaphthene 5.28 5.69 5.32 7.38 5.74 6.02 6.86 6.85 6.57 6.96 6.26 4.78 4.52 8.11 7.44 0.00 0.00 0.00
Dibenzofuran 8.29 16.3 9.71 14.0 14.4 16.5 17.2 12.9 13.1 10.6 11.8 7.70 9.80 17.9 13.7 0.54 0.44 0.43
Fluorene 6.75 6.71 4.03 6.90 6.71 6.50 6.61 8.26 6.62 4.67 3.48 6.38 7.08 6.93 5.60 1.31 1.25 1.10
Dibenzothiophene 4.15 8.30 4.63 7.77 6.78 7.69 8.85 6.11 6.73 5.01 5.98 3.93 4.54 8.17 7.05 1.27 1.01 0.86
Phenanthrene 14.6 19.3 16.1 20.8 18.6 19.7 25.6 29.5 30.3 19.1 21.4 19.7 19.1 23.0 17.9 2.36 2.20 1.63
Anthracene 1.40 1.97 2.10 2.16 1.98 2.56 2.13 1.99 2.74 1.98 1.60 1.76 2.13 2.28 2.29 0.68 0.59 0.47
Carbozole 7.40 5.93 8.39 12.5 10.2 13.3 11.2 10.9 10.3 9.86 6.05 10.3 8.87 8.25 10.9 0.00 0.00 0.00
4-methyldibenzothiophene 12.3 8.78 8.28 18.9 17.4 25.6 19.0 28.2 13.1 14.0 11.5 11.4 17.4 10.9 11.7 0.00 0.00 0.00
2-methylphenanthrene 32.8 17.8 30.9 39.5 36.0 39.6 39.5 47.5 31.5 23.4 36.0 25.0 40.9 25.6 33.1 1.61 1.32 1.24
2-methylanthracene 17.6 12.2 17.5 19.5 17.5 17.6 22.9 23.8 21.4 16.0 13.1 18.7 20.2 18.7 19.7 0.00 0.00 0.00
1-methylphenanthrene 35.2 34.8 40.1 58.0 44.1 66.1 43.5 63.9 63.3 48.8 34.7 33.9 52.0 43.3 43.7 0.00 0.00 0.00
3,6-dimethylphenanthrene 25.9 37.6 25.8 51.2 42.6 48.9 45.2 40.1 47.8 35.1 38.7 38.2 34.4 47.6 33.4 1.75 1.40 1.27
Fluoranthene 16.3 14.8 14.7 18.5 15.4 19.1 20.0 16.9 23.4 18.5 18.0 16.8 18.4 19.2 14.5 2.23 1.97 1.84
Pyrene 13.9 18.0 21.3 22.0 19.2 21.0 22.8 19.3 21.9 17.4 15.5 21.1 20.0 27.1 22.7 2.08 1.76 1.53
Benzo(a)fluorene 11.9 8.78 8.75 19.3 16.9 25.7 20.1 27.3 13.9 12.8 12.4 11.6 16.9 11.0 11.1 0.00 0.00 0.00
1-methylpyrene 25.7 25.0 28.6 29.5 25.5 26.0 26.8 36.3 28.9 23.9 23.5 24.2 33.2 31.2 29.3 1.30 1.34 1.15
Benzo(a)anthracene 12.9 18.2 13.9 20.0 20.7 21.9 25.4 23.1 20.0 18.7 16.7 18.1 17.5 21.3 22.5 6.17 4.76 5.11
Chrysene 73.9 96.1 77.1 108 110 95.2 101 128 103 87.3 90.6 91.4 89.6 122 110 8.42 9.23 9.72
5-methylchrysene 35.9 49.6 29.1 58.6 64.6 64.8 69.1 51.8 61.8 48.8 47.7 46.3 44.2 59.6 41.0 0.00 0.00 0.00
Benzo(b)fluoranthene 13.6 14.8 8.87 15.5 15.0 18.3 13.8 17.5 17.8 12.0 9.2 14.6 14.2 19.8 10.4 2.89 2.65 2.11
Benzo(k)fluoranthene 5.60 5.44 6.59 9.91 7.50 8.64 7.13 7.01 5.68 7.11 5.86 7.04 6.71 5.76 7.14 4.29 3.57 2.62
Benzo(e)pyrene 26.3 17.9 17.1 36.2 29.6 32.5 30.7 33.6 35.5 28.9 25.9 29.5 27.6 24.2 24.6 8.68 6.44 5.44
Benzo(a)pyrene 10.0 7.01 8.28 11.8 10.5 11.6 10.0 11.0 11.8 6.95 5.49 7.02 10.5 9.18 8.41 9.23 5.32 10.9
Perylene 15.9 21.4 12.2 19.8 18.4 23.9 25.9 19.2 24.9 17.7 18.2 15.6 15.0 19.7 14.1 8.34 7.31 7.31
Indeno(1,2,3-cd)pyrene 0.98 0.00 0.00 0.00 0.00 0.00 0.00 1.58 0.00 0.00 1.10 0.00 1.37 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07 4.93 3.99
Benzo(g,h,i)perylene 7.60 13.0 10.4 14.1 10.8 15.6 12.7 15.4 17.3 17.2 11.8 10.5 9.48 17.4 12.9 2.88 2.66 2.46
ΣPAH 476 520 455 677 617 685 675 734 682 544 522 523 585 646 566 73.1 63.6 63.3
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.14. Summary of raw results (µg/Kg, dry wt) for sediments - November 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 2.52 4.12 3.98 5.97 4.47 4.67 5.33 5.24 5.53 4.42 3.09 3.87 3.18 3.98 3.61 1.35 1.86 1.04
Benzothiophene 1.18 0.00 0.00 0.00 0.00 0.00 0.00 1.94 0.00 0.00 1.15 0.00 1.29 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 3.37 2.51 2.67 3.76 3.48 3.91 3.64 4.47 2.68 3.31 3.78 2.80 4.18 2.48 3.23 0.61 1.13 0.68
Biphenyl 13.6 17.3 9.59 12.7 12.3 10.4 18.2 15.9 18.9 13.8 9.42 10.7 11.5 14.3 11.5 0.00 0.00 0.00
2-ethylnaphthalene 7.11 6.54 4.77 7.02 6.29 6.21 7.41 7.95 9.22 4.71 6.19 6.47 9.08 6.49 5.18 0.00 0.00 0.00
Acenaphthylene 1.77 0.00 0.00 0.00 0.00 0.00 0.00 2.60 0.00 0.00 1.80 0.00 1.81 0.00 0.00 0.00 0.00 0.00
Acenaphthene 4.32 4.95 4.37 6.27 4.86 5.12 6.13 6.00 5.83 6.19 5.07 4.15 3.55 6.30 6.12 0.00 0.00 0.00
Dibenzofuran 7.21 14.3 8.74 12.5 12.0 13.9 15.2 11.2 11.5 8.49 9.96 6.24 6.94 14.5 10.6 0.43 0.40 0.35
Fluorene 6.06 5.90 3.53 5.68 6.02 5.29 5.49 6.95 5.41 4.11 2.87 5.36 5.88 5.83 4.54 1.12 1.24 1.13
Dibenzothiophene 3.56 6.75 3.90 6.46 5.43 6.50 7.60 4.93 5.67 4.40 5.06 3.37 3.42 6.69 5.50 1.05 0.77 0.67
Phenanthrene 12.1 17.0 13.4 17.1 15.7 16.4 22.4 26.0 27.1 15.9 18.2 17.5 14.4 18.2 13.8 2.15 1.96 1.42
Anthracene 1.21 1.66 1.72 1.82 1.59 2.08 1.78 1.79 2.20 1.77 1.35 1.54 1.77 1.61 1.75 0.55 0.51 0.43
Carbozole 6.49 4.87 7.45 11.1 8.50 11.7 9.52 8.83 8.49 8.81 5.21 8.54 6.67 6.52 8.15 0.00 0.00 0.00
4-methyldibenzothiophene 10.5 7.78 6.70 16.7 15.0 21.3 15.3 22.9 11.4 12.0 9.42 9.65 15.5 9.39 8.59 0.00 0.00 0.00
2-methylphenanthrene 28.7 14.4 26.9 34.6 29.9 33.3 35.0 38.9 27.0 20.2 28.9 21.9 32.6 19.8 28.2 1.35 1.11 1.08
2-methylanthracene 15.5 10.0 14.4 16.8 15.2 14.4 18.9 19.2 17.2 13.5 11.3 15.3 16.0 14.6 15.6 0.00 0.00 0.00
1-methylphenanthrene 28.2 27.9 34.0 47.4 35.3 59.4 34.9 53.5 52.8 43.0 29.1 27.7 46.7 38.5 40.9 0.00 0.00 0.00
3,6-dimethylphenanthrene 21.6 33.6 21.8 43.8 37.6 42.3 40.7 33.9 39.4 29.6 31.3 33.0 28.3 36.0 28.3 1.48 1.18 1.07
Fluoranthene 13.1 12.0 12.0 15.5 12.7 16.7 16.1 15.0 20.1 15.4 15.3 13.9 13.6 14.5 12.2 1.72 1.57 1.38
Pyrene 12.0 14.6 17.6 18.6 17.1 18.3 18.6 17.1 19.5 14.9 13.1 17.2 15.1 21.7 18.5 1.57 1.52 1.38
Benzo(a)fluorene 10.1 7.57 7.31 15.7 14.0 21.3 16.9 23.4 12.1 11.3 10.1 9.36 13.9 9.52 9.53 0.00 0.00 0.00
1-methylpyrene 22.6 21.6 23.4 25.1 22.4 21.7 23.6 30.6 25.3 20.7 19.9 20.7 24.2 25.2 23.6 1.13 1.02 1.02
Benzo(a)anthracene 11.3 15.5 12.0 16.8 18.3 17.8 20.9 20.5 16.1 15.2 14.0 15.3 13.4 17.7 16.4 5.43 4.03 3.84
Chrysene 59.7 85.7 67.9 94.2 90.9 76.4 86.7 110 91.8 76.7 72.8 78.0 79.1 101 86.3 8.26 7.24 8.16
5-methylchrysene 30.4 40.8 23.8 47.6 55.0 56.2 61.9 45.2 49.6 39.6 40.6 39.8 40.4 46.0 33.1 0.00 0.00 0.00
Benzo(b)fluoranthene 11.2 13.3 7.39 13.6 13.1 16.4 11.6 14.9 15.3 9.96 8.00 12.2 11.9 16.0 8.41 2.92 2.25 1.82
Benzo(k)fluoranthene 4.98 4.80 5.92 8.73 6.71 7.27 5.83 6.14 4.62 6.10 5.16 5.76 5.29 4.75 5.27 3.82 3.01 2.24
Benzo(e)pyrene 22.3 14.3 14.1 31.7 24.1 26.8 26.5 29.2 28.9 23.9 20.8 25.1 22.6 18.7 19.5 6.40 6.62 4.95
Benzo(a)pyrene 8.23 5.91 7.00 10.6 8.44 10.1 8.61 9.76 9.44 5.88 4.39 5.77 8.75 7.41 6.83 9.08 4.33 7.54
Perylene 14.1 17.6 10.2 16.0 15.5 20.7 21.1 17.3 20.6 15.1 15.7 13.3 11.8 16.9 11.2 7.50 6.48 5.88
Indeno(1,2,3-cd)pyrene 0.86 0.00 0.00 0.00 0.00 0.00 0.00 1.38 0.00 0.00 0.89 0.00 1.08 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.27 4.59 3.60
Benzo(g,h,i)perylene 6.67 11.1 9.29 11.7 8.95 13.7 10.5 13.6 15.5 14.6 9.68 8.83 7.52 15.3 9.57 2.71 2.01 1.89
ΣPAH 402 445 386 575 521 580 576 626 579 464 433 443 481 521 456 64.9 54.8 51.6
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Table A.15. Summary of raw results (µg/Kg, dry wt) for sediments - February 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 2.24 3.64 3.72 5.69 4.17 4.42 4.77 4.90 4.76 4.22 2.86 3.61 2.75 3.81 3.18 1.20 1.66 1.23
Benzothiophene 1.15 0.00 0.00 0.00 0.00 0.00 0.00 1.79 0.00 0.00 1.01 0.00 1.30 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.98 2.29 2.29 3.16 3.31 3.85 3.28 4.02 2.43 3.16 3.55 2.60 3.77 2.19 3.18 0.65 1.17 0.79
Biphenyl 12.2 15.0 8.95 11.4 10.8 9.48 16.0 14.2 17.7 12.8 8.82 9.59 10.1 13.0 11.2 0.00 0.00 0.00
2-ethylnaphthalene 6.71 5.88 4.57 6.49 6.05 5.79 6.89 7.52 8.93 4.40 5.88 6.14 8.70 6.37 4.75 0.00 0.00 0.00
Acenaphthylene 1.51 0.00 0.00 0.00 0.00 0.00 0.00 2.37 0.00 0.00 1.56 0.00 1.76 0.00 0.00 0.00 0.00 0.00
Acenaphthene 3.73 4.55 3.71 5.61 4.32 4.45 5.25 5.37 5.42 5.42 4.58 3.77 3.27 5.78 4.98 0.00 0.00 0.00
Dibenzofuran 6.41 12.6 8.35 11.8 10.8 13.2 13.6 10.5 10.7 7.79 8.58 5.60 7.04 13.3 9.45 0.45 0.35 0.42
Fluorene 5.23 5.57 3.42 5.11 5.67 4.62 4.86 6.55 4.64 3.72 2.55 4.77 5.19 5.21 3.87 1.18 1.21 1.15
Dibenzothiophene 3.09 6.22 3.49 5.99 4.84 5.75 7.39 4.12 4.84 3.85 4.77 3.00 3.09 6.66 4.60 1.17 0.77 0.69
Phenanthrene 11.0 14.3 12.6 15.1 14.2 15.9 20.3 24.8 23.7 14.5 16.2 16.3 14.5 16.3 12.5 2.54 1.84 1.64
Anthracene 1.13 1.54 1.60 1.74 1.37 1.84 1.67 1.55 2.09 1.66 1.18 1.38 1.51 1.46 1.58 0.61 0.55 0.48
Carbozole 5.64 4.25 6.32 10.3 7.74 10.8 8.95 7.55 7.61 7.91 4.81 7.59 5.82 5.44 7.27 0.00 0.00 0.00
4-methyldibenzothiophene 9.15 7.08 5.90 15.6 13.9 19.1 13.5 21.1 10.5 11.0 8.44 8.67 13.3 8.96 7.88 0.00 0.00 0.00
2-methylphenanthrene 27.2 13.6 24.1 32.3 29.2 30.1 29.6 34.7 23.7 18.7 27.4 19.8 27.9 20.6 23.0 1.29 1.18 1.14
2-methylanthracene 14.1 9.79 13.4 15.9 13.9 12.8 16.6 16.6 16.0 13.1 10.6 14.2 15.0 12.9 15.7 0.00 0.00 0.00
1-methylphenanthrene 27.2 24.9 31.7 43.6 33.6 54.6 30.5 51.9 47.7 36.9 27.6 25.4 44.0 31.6 37.5 0.00 0.00 0.00
3,6-dimethylphenanthrene 19.0 29.4 19.2 39.6 36.2 40.2 39.4 30.4 36.5 25.2 26.6 29.4 24.6 33.1 25.5 1.83 1.17 1.22
Fluoranthene 12.1 10.9 10.5 13.9 11.5 14.8 15.0 12.6 17.9 13.4 14.7 12.2 11.5 14.0 11.5 2.00 1.79 1.57
Pyrene 11.4 13.4 15.2 16.6 15.7 16.4 16.9 15.5 17.5 13.4 12.0 15.7 14.5 21.9 18.3 1.78 1.70 1.41
Benzo(a)fluorene 9.26 7.00 6.69 14.5 13.3 19.0 15.4 22.1 10.3 10.6 9.66 8.16 12.8 10.0 8.79 0.00 0.00 0.00
1-methylpyrene 20.2 20.1 20.4 22.8 20.7 18.7 22.0 29.3 23.0 18.4 17.2 19.2 24.1 21.3 23.8 1.13 1.06 0.98
Benzo(a)anthracene 9.95 13.7 10.3 15.3 17.5 15.7 20.2 18.1 14.3 14.8 11.9 13.3 12.0 17.2 14.1 5.49 3.76 4.57
Chrysene 50.7 74.8 62.0 83.4 84.0 67.6 81.5 97.4 76.3 71.4 62.7 67.2 70.1 91.3 74.2 7.30 9.38 9.34
5-methylchrysene 27.8 37.8 22.4 44.8 48.8 50.8 54.3 43.7 46.0 36.4 39.1 35.0 35.4 41.2 30.0 0.00 0.00 0.00
Benzo(b)fluoranthene 10.6 11.7 6.85 12.7 11.6 14.8 10.4 13.3 13.7 8.96 7.08 10.8 11.1 14.6 7.68 2.68 2.28 1.97
Benzo(k)fluoranthene 4.73 4.18 5.61 8.08 6.04 6.51 5.37 5.38 4.25 5.50 4.30 5.00 4.82 3.89 4.82 3.60 3.45 2.57
Benzo(e)pyrene 20.6 12.6 12.0 29.0 21.5 24.9 24.6 27.1 25.9 21.9 18.6 22.6 21.2 15.7 17.2 7.12 7.22 5.27
Benzo(a)pyrene 7.13 5.65 6.56 8.88 7.61 8.53 7.56 8.32 8.21 5.69 3.84 5.24 8.03 6.86 6.53 8.21 4.33 8.86
Perylene 13.2 16.6 8.83 13.7 13.7 18.7 20.5 15.8 20.3 13.5 14.6 12.8 10.6 14.4 9.90 8.08 7.07 7.21
Indeno(1,2,3-cd)pyrene 0.77 0.00 0.00 0.00 0.00 0.00 0.00 1.17 0.00 0.00 0.74 0.00 1.07 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.71 4.56 3.73
Benzo(g,h,i)perylene 6.08 10.6 8.18 11.1 8.06 12.9 9.97 12.7 14.2 13.9 8.78 8.26 7.03 13.0 9.30 2.70 2.12 2.04
ΣPAH 364 400 349 524 480 526 526 572 519 422 392 397 438 472 412 65.7 58.6 58.3
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Table A.16. Summary of raw results (µg/Kg, dry wt) for sediments - May 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 1.75 3.19 3.13 4.23 3.14 3.41 3.96 4.02 4.07 3.53 2.48 2.96 2.38 3.04 2.65 1.35 1.87 1.19
Benzothiophene 0.91 0.00 0.00 0.00 0.00 0.00 0.00 1.46 0.00 0.00 0.88 0.00 1.09 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.56 1.89 1.88 2.67 2.31 2.89 2.71 3.46 2.03 2.45 2.74 2.01 3.12 1.88 2.62 0.76 1.13 0.78
Biphenyl 10.8 12.5 7.39 8.99 8.95 7.33 13.8 12.7 14.1 10.2 7.41 8.13 8.35 11.0 8.65 0.00 0.00 0.00
2-ethylnaphthalene 5.34 4.93 3.57 4.91 4.48 4.23 5.58 6.03 7.13 3.69 4.62 4.88 7.12 4.79 3.80 0.00 0.00 0.00
Acenaphthylene 1.23 0.00 0.00 0.00 0.00 0.00 0.00 1.94 0.00 0.00 1.35 0.00 1.44 0.00 0.00 0.00 0.00 0.00
Acenaphthene 3.24 3.77 3.12 4.11 3.57 3.57 4.30 4.24 4.40 4.57 3.58 3.11 2.94 4.95 4.57 0.00 0.00 0.00
Dibenzofuran 5.24 10.7 6.71 8.25 8.48 9.72 11.6 8.58 8.87 6.33 7.49 4.54 6.02 10.9 8.11 0.44 0.35 0.40
Fluorene 4.30 4.59 2.71 3.95 4.44 3.42 4.02 5.30 3.91 3.05 2.09 4.01 4.49 4.28 3.40 1.39 1.29 0.99
Dibenzothiophene 2.64 5.11 2.93 4.57 3.89 4.40 5.67 3.43 4.04 3.31 4.03 2.51 2.68 5.48 4.19 0.93 0.87 0.63
Phenanthrene 9.10 11.8 10.5 11.7 11.5 11.5 16.6 20.0 19.8 11.6 13.8 12.6 12.4 14.9 9.99 2.62 1.88 1.49
Anthracene 0.93 1.27 1.25 1.33 1.12 1.43 1.33 1.32 1.74 1.27 0.97 1.13 1.35 1.26 1.29 0.56 0.61 0.42
Carbozole 4.80 3.47 5.28 7.50 6.00 7.91 7.59 6.42 6.35 6.70 3.70 6.18 5.10 5.06 6.23 0.00 0.00 0.00
4-methyldibenzothiophene 7.86 5.68 5.08 12.0 10.5 14.6 11.3 16.3 8.48 8.79 7.35 7.40 11.1 7.44 6.70 0.00 0.00 0.00
2-methylphenanthrene 21.4 10.9 20.8 24.2 20.1 23.4 25.0 28.4 19.7 15.1 21.3 15.5 24.8 16.2 21.2 1.43 1.07 1.16
2-methylanthracene 11.5 7.78 10.8 11.7 9.87 10.4 14.2 14.2 13.4 10.7 8.13 11.5 11.3 11.5 13.2 0.00 0.00 0.00
1-methylphenanthrene 22.3 21.8 24.7 32.4 24.4 41.9 24.2 39.4 39.7 30.7 22.6 20.6 35.5 27.4 30.3 0.00 0.00 0.00
3,6-dimethylphenanthrene 15.8 23.9 16.6 30.0 26.6 29.5 30.5 24.8 30.3 21.5 22.6 23.8 21.3 27.5 19.6 1.57 1.12 1.12
Fluoranthene 10.1 8.72 8.75 10.1 9.12 11.6 12.0 11.0 14.7 11.1 11.4 10.3 10.7 11.0 9.56 1.91 1.47 1.67
Pyrene 9.30 11.2 12.8 12.8 12.4 12.6 14.3 12.6 15.3 11.5 9.56 12.4 11.7 18.9 14.1 1.67 1.89 1.33
Benzo(a)fluorene 7.45 5.76 5.59 10.6 10.5 14.8 12.9 18.4 9.05 8.25 7.57 6.84 10.4 7.46 6.80 0.00 0.00 0.00
1-methylpyrene 16.6 16.5 17.3 16.4 15.0 14.7 17.4 24.3 18.4 15.4 15.2 15.3 19.3 19.1 19.4 1.28 0.89 1.12
Benzo(a)anthracene 8.57 11.2 8.32 10.8 13.0 12.4 15.9 15.5 12.2 11.9 10.3 11.9 10.1 12.5 13.0 4.96 4.13 4.55
Chrysene 44.5 65.1 50.0 62.9 64.5 52.0 64.7 80.9 67.7 57.3 52.3 57.9 60.0 74.5 60.6 8.62 8.34 8.51
5-methylchrysene 21.8 29.2 18.4 35.3 37.9 38.7 45.1 34.9 37.4 30.0 29.8 28.6 29.0 34.1 24.6 0.00 0.00 0.00
Benzo(b)fluoranthene 8.29 10.2 5.56 9.55 8.79 11.4 8.48 11.0 11.1 7.06 5.82 8.77 9.36 11.6 6.41 2.59 2.30 1.99
Benzo(k)fluoranthene 3.93 3.49 4.57 6.53 4.66 5.07 4.40 4.63 3.41 4.46 3.60 4.16 4.08 3.38 4.03 3.20 3.07 2.23
Benzo(e)pyrene 16.5 11.2 10.4 22.0 17.5 18.0 20.0 22.4 22.5 16.8 15.9 17.9 17.4 14.2 13.3 7.48 6.93 4.99
Benzo(a)pyrene 5.87 4.45 5.42 6.70 6.24 6.70 6.14 7.12 7.10 4.48 3.19 4.31 6.49 6.07 5.56 8.30 4.38 7.45
Perylene 11.1 12.6 7.8 11.0 10.6 14.0 16.4 13.2 15.7 11.2 12.4 10.2 9.26 12.8 8.09 7.68 6.05 6.59
Indeno(1,2,3-cd)pyrene 0.65 0.00 0.00 0.00 0.00 0.00 0.00 1.01 0.00 0.00 0.64 0.00 0.81 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.12 4.75 3.05
Benzo(g,h,i)perylene 5.27 8.74 7.00 8.13 5.96 9.98 8.08 10.6 11.4 10.9 6.94 6.80 5.74 11.3 7.49 3.12 2.45 2.24
ΣPAH 302 332 288 395 366 401 428 470 434 344 322 326 367 395 339 67.0 56.9 53.9
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Table A.17. Summary of raw results (µg/Kg, dry wt) for sediments - August 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 1.42 2.62 2.48 3.69 2.74 3.02 3.16 3.19 3.39 2.77 2.03 2.42 1.83 2.41 2.09 1.49 2.17 1.33
Benzothiophene 0.76 0.00 0.00 0.00 0.00 0.00 0.00 1.14 0.00 0.00 0.73 0.00 0.81 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.12 1.50 1.51 2.24 2.12 2.58 2.17 2.88 1.62 1.99 2.14 1.64 2.46 1.40 1.97 0.84 1.37 0.71
Biphenyl 8.54 9.83 5.78 7.70 7.82 6.51 11.0 10.3 11.2 8.00 6.19 6.48 6.17 8.75 6.67 0.00 0.00 0.00
2-ethylnaphthalene 4.22 3.96 2.82 4.40 3.83 3.68 4.54 4.99 5.89 3.08 3.78 4.10 5.40 3.64 2.94 0.00 0.00 0.00
Acenaphthylene 0.97 0.00 0.00 0.00 0.00 0.00 0.00 1.53 0.00 0.00 1.07 0.00 1.13 0.00 0.00 0.00 0.00 0.00
Acenaphthene 2.63 2.99 2.53 3.68 3.16 3.05 3.59 3.54 3.45 3.63 2.98 2.47 2.02 3.70 3.40 0.00 0.00 0.00
Dibenzofuran 4.19 8.56 5.59 7.52 7.44 8.60 9.20 6.83 7.07 5.21 5.98 3.68 4.72 7.96 5.97 0.50 0.47 0.44
Fluorene 3.59 3.59 2.13 3.49 3.77 2.98 3.36 4.24 3.25 2.55 1.64 3.33 3.50 3.43 2.40 1.45 1.52 1.22
Dibenzothiophene 2.14 4.07 2.38 4.08 3.45 3.82 4.50 2.74 3.35 2.65 3.30 2.06 2.12 3.96 3.09 1.18 1.04 0.74
Phenanthrene 7.63 9.31 8.55 10.1 10.1 9.67 13.0 16.4 15.5 9.56 10.9 10.0 9.32 11.5 7.65 2.88 2.07 1.62
Anthracene 0.74 1.03 1.03 1.19 0.94 1.23 1.10 1.06 1.42 1.03 0.77 0.89 1.00 0.95 0.97 0.71 0.49 0.51
Carbozole 3.82 2.80 4.22 6.65 5.26 7.03 6.26 5.16 5.29 5.27 2.93 4.88 3.68 3.74 4.69 0.00 0.00 0.00
4-methyldibenzothiophene 6.43 4.52 4.06 10.2 9.23 12.6 9.12 12.9 6.87 7.08 6.05 5.80 8.18 6.04 5.22 0.00 0.00 0.00
2-methylphenanthrene 17.6 8.79 17.5 21.8 17.8 20.7 19.8 23.0 15.5 12.6 17.4 12.5 19.0 12.8 16.5 1.70 1.19 1.20
2-methylanthracene 9.41 6.21 8.81 10.3 8.73 8.82 11.8 11.5 11.1 8.68 6.52 9.07 8.69 9.19 9.86 0.00 0.00 0.00
1-methylphenanthrene 17.4 17.7 19.8 27.9 21.5 38.0 19.7 31.5 32.9 25.1 18.7 16.9 26.5 20.8 24.3 0.00 0.00 0.00
3,6-dimethylphenanthrene 13.0 19.9 13.6 25.4 23.9 24.9 24.0 20.5 23.9 17.2 18.2 19.2 15.4 21.9 15.7 2.08 1.41 1.40
Fluoranthene 8.24 6.88 6.86 8.68 8.27 10.1 9.52 8.84 11.7 9.30 9.59 8.43 7.53 8.02 7.15 1.95 2.01 1.65
Pyrene 7.66 9.23 10.3 11.3 10.4 11.4 11.5 10.5 12.6 9.26 7.80 9.77 8.71 15.0 10.9 1.87 1.74 1.38
Benzo(a)fluorene 6.21 4.74 4.55 9.54 8.70 12.4 10.3 14.5 7.12 6.62 6.31 5.38 7.69 5.74 5.17 0.00 0.00 0.00
1-methylpyrene 13.9 13.3 14.1 14.7 13.0 12.7 13.7 19.5 14.6 12.4 12.5 12.4 15.0 13.7 14.5 1.37 1.14 1.13
Benzo(a)anthracene 6.95 8.93 6.92 9.93 11.1 10.4 12.9 12.7 9.91 9.28 8.63 9.85 8.18 9.70 9.59 5.68 4.24 5.02
Chrysene 36.2 52.8 39.5 56.7 55.3 44.6 52.8 67.5 55.4 47.7 42.1 48.3 45.8 59.2 46.2 8.38 8.58 8.72
5-methylchrysene 17.6 22.9 15.3 29.5 32.3 33.5 37.4 27.8 31.2 23.8 23.4 23.5 22.1 26.5 18.0 0.00 0.00 0.00
Benzo(b)fluoranthene 6.49 8.40 4.43 7.92 7.93 10.2 7.06 8.72 9.01 5.51 4.62 7.01 6.70 8.87 4.95 3.41 2.96 2.02
Benzo(k)fluoranthene 3.12 2.75 3.77 5.80 4.08 4.42 3.47 3.64 2.73 3.68 3.00 3.33 3.17 2.46 2.97 4.56 3.64 2.97
Benzo(e)pyrene 13.8 9.01 8.48 19.0 15.2 15.6 15.8 18.7 17.8 14.0 12.7 14.5 13.4 11.4 10.7 8.75 8.46 5.22
Benzo(a)pyrene 4.75 3.54 4.55 6.18 5.45 6.01 5.07 5.61 5.84 3.76 2.62 3.52 4.86 4.34 4.43 9.73 4.54 9.62
Perylene 8.66 9.85 6.41 9.47 9.59 12.2 13.7 10.7 12.5 9.40 10.3 8.15 6.44 9.87 6.68 8.77 8.11 7.09
Indeno(1,2,3-cd)pyrene 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.53 0.00 0.62 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.06 6.29 3.92
Benzo(g,h,i)perylene 4.22 7.21 5.69 6.92 5.45 8.32 6.65 8.83 9.53 8.91 5.73 5.71 4.21 8.46 5.72 3.37 2.29 2.43
ΣPAH 245 267 234 346 319 349 346 382 352 280 261 265 276 305 260 75.7 65.7 60.3
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Table A.18. Summary of raw results (µg/Kg, dry wt) for sediments - September 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 1.71 3.18 3.09 4.54 3.31 3.69 3.92 3.90 4.24 3.35 2.53 2.96 2.19 3.31 2.93 1.41 2.03 1.24
Benzothiophene 0.90 0.00 0.00 0.00 0.00 0.00 0.00 1.34 0.00 0.00 0.89 0.00 1.07 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 2.57 1.78 1.82 2.79 2.63 3.02 2.63 3.37 2.02 2.38 2.60 1.91 3.67 2.10 2.81 0.78 1.38 0.71
Biphenyl 10.5 12.0 6.82 9.01 9.27 7.81 13.4 12.0 13.9 9.62 7.49 7.73 8.23 12.0 9.14 0.00 0.00 0.00
2-ethylnaphthalene 5.11 4.86 3.41 5.12 4.56 4.56 5.48 5.92 7.22 3.73 4.40 5.03 7.22 5.16 3.92 0.00 0.00 0.00
Acenaphthylene 1.16 0.00 0.00 0.00 0.00 0.00 0.00 1.88 0.00 0.00 1.28 0.00 1.59 0.00 0.00 0.00 0.00 0.00
Acenaphthene 3.08 3.48 3.07 4.37 3.83 3.64 4.25 4.26 4.21 4.26 3.48 3.06 2.85 4.51 4.81 0.00 0.00 0.00
Dibenzofuran 5.12 10.5 6.59 8.92 8.76 10.5 10.9 8.15 8.60 6.32 7.44 4.48 5.80 11.3 7.95 0.49 0.45 0.43
Fluorene 4.26 4.38 2.64 4.14 4.39 3.66 3.95 5.12 3.82 3.16 1.97 4.16 4.86 4.75 3.19 1.51 1.44 1.29
Dibenzothiophene 2.51 5.06 2.79 4.95 4.27 4.66 5.27 3.22 4.03 3.28 4.07 2.40 2.80 5.47 4.02 1.13 0.89 0.71
Phenanthrene 9.37 11.5 10.4 12.5 12.0 11.9 15.4 19.5 19.2 11.9 13.3 11.7 13.7 14.7 10.8 2.56 2.07 1.64
Anthracene 0.90 1.23 1.22 1.41 1.10 1.47 1.37 1.31 1.68 1.23 0.95 1.06 1.41 1.32 1.32 0.71 0.52 0.52
Carbozole 4.75 3.47 5.11 7.96 6.45 8.67 7.74 6.23 6.53 6.26 3.54 5.91 5.02 5.07 6.88 0.00 0.00 0.00
4-methyldibenzothiophene 7.63 5.51 4.92 12.2 11.4 15.1 11.3 15.6 8.13 8.61 7.32 7.07 11.4 7.65 7.16 0.00 0.00 0.00
2-methylphenanthrene 21.4 10.9 20.8 26.7 21.4 24.5 23.9 27.9 18.2 14.9 20.3 15.2 26.0 16.2 23.4 1.51 1.13 1.19
2-methylanthracene 11.7 7.33 10.8 12.2 10.2 10.3 14.1 13.6 13.1 10.1 8.08 11.0 12.7 11.7 12.4 0.00 0.00 0.00
1-methylphenanthrene 20.2 21.1 23.3 33.4 25.4 46.5 24.6 38.6 39.2 30.0 23.0 20.8 35.5 29.7 33.0 0.00 0.00 0.00
3,6-dimethylphenanthrene 15.4 23.8 16.3 30.9 27.8 29.7 29.8 25.4 28.7 20.3 22.2 23.9 20.1 30.4 21.1 1.80 1.46 1.27
Fluoranthene 10.0 8.09 8.25 10.6 10.3 11.8 11.7 10.9 14.3 11.4 11.2 10.3 9.43 11.7 9.21 1.96 1.70 1.54
Pyrene 9.37 11.5 12.1 14.1 12.1 13.9 14.3 13.0 15.1 11.1 9.50 11.7 12.8 19.8 14.3 1.78 1.86 1.30
Benzo(a)fluorene 7.70 5.88 5.38 11.5 10.8 15.2 12.9 16.9 8.70 7.69 7.88 6.28 10.6 7.87 7.10 0.00 0.00 0.00
1-methylpyrene 16.3 16.4 17.6 17.5 16.3 15.6 16.4 22.8 17.6 15.3 15.2 15.4 20.1 19.8 19.1 1.25 1.16 1.13
Benzo(a)anthracene 8.66 11.1 8.44 11.9 13.3 12.3 15.5 14.9 12.2 11.3 10.5 12.1 12.1 12.8 13.2 5.21 4.37 4.81
Chrysene 44.1 64.7 48.3 68.5 67.4 53.3 61.4 78.9 68.2 55.4 52.0 60.4 57.7 86.1 60.8 8.46 8.81 8.53
5-methylchrysene 20.5 26.6 19.1 35.2 38.7 40.0 44.8 33.7 36.3 28.8 27.8 28.3 29.8 39.4 24.1 0.00 0.00 0.00
Benzo(b)fluoranthene 8.11 10.5 5.31 9.59 9.51 11.9 8.31 10.9 10.5 6.56 5.72 8.50 10.8 12.3 6.85 3.49 2.94 2.05
Benzo(k)fluoranthene 3.89 3.38 4.49 6.95 4.82 5.47 4.20 4.49 3.34 4.42 3.64 3.89 4.45 3.62 4.41 4.31 3.42 2.79
Benzo(e)pyrene 16.8 10.9 10.3 22.4 17.9 18.3 19.2 22.1 22.1 17.2 15.3 18.0 18.0 15.8 15.1 7.93 7.85 4.80
Benzo(a)pyrene 5.81 4.16 5.32 7.62 6.59 7.29 6.32 7.00 7.15 4.57 3.23 4.28 6.90 5.70 5.79 9.13 5.10 8.68
Perylene 10.4 11.6 7.59 11.5 11.6 15.1 16.5 12.9 15.4 11.1 12.8 10.0 9.10 14.3 9.09 8.54 7.47 6.44
Indeno(1,2,3-cd)pyrene 0.62 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.65 0.00 0.82 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.18 6.01 3.66
Benzo(g,h,i)perylene 5.07 8.82 6.74 8.54 6.43 10.3 8.00 10.3 11.5 10.7 6.67 7.09 5.97 12.4 8.25 3.15 2.36 2.18
ΣPAH 296 324 282 417 383 420 418 457 425 335 317 325 375 427 352 72.3 64.4 56.9
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.19. Summary of raw results (µg/Kg, dry wt) for diploid oysters - July 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.46 0.68 0.69 0.81 0.74 0.97 0.82 1.02 0.76 0.66 0.52 0.74 0.71 0.95 0.70 0.71 0.90 0.62
Benzothiophene 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00 0.22 0.00 0.29 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.64 0.50 0.38 0.72 0.57 0.51 0.56 0.69 0.41 0.50 0.69 0.53 0.70 0.39 0.70 0.34 0.49 0.36
Biphenyl 2.47 2.57 1.50 2.53 2.46 2.25 3.18 3.06 3.04 2.35 1.38 1.52 2.20 3.12 2.55 0.00 0.00 0.00
2-ethylnaphthalene 1.39 0.97 0.70 1.07 1.07 1.20 1.08 1.14 1.83 1.06 1.16 1.05 1.63 1.31 1.11 0.00 0.00 0.00
Acenaphthylene 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.52 0.00 0.00 0.37 0.00 0.33 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.89 0.90 0.84 1.29 0.81 0.86 1.16 1.03 1.02 0.96 0.88 0.81 0.80 1.34 1.11 0.00 0.00 0.00
Dibenzofuran 1.20 2.11 1.41 2.46 1.66 2.11 3.25 1.93 2.02 1.90 2.23 1.02 1.33 2.74 2.17 0.26 0.23 0.18
Fluorene 0.94 0.81 0.61 1.06 0.79 0.98 0.77 1.26 1.18 0.82 0.63 1.13 1.29 1.09 0.82 0.63 0.55 0.61
Dibenzothiophene 0.64 1.06 0.58 1.40 0.90 1.32 1.47 0.87 0.93 0.89 0.78 0.48 0.63 1.45 1.11 0.50 0.41 0.44
Phenanthrene 2.27 3.23 2.52 2.95 2.49 2.79 2.89 3.55 4.16 3.09 3.61 3.04 3.03 3.15 2.00 0.96 1.18 0.75
Anthracene 0.44 0.62 0.59 0.58 0.48 0.82 0.66 0.59 0.83 0.61 0.48 0.40 0.71 0.72 0.73 0.30 0.28 0.20
Carbozole 1.09 0.76 1.07 1.55 1.71 1.89 1.78 1.54 1.02 1.43 0.80 1.10 1.52 1.09 1.46 0.00 0.00 0.00
4-methyldibenzothiophene 1.84 1.08 1.14 2.26 2.09 2.72 2.35 3.67 1.87 2.10 1.79 1.26 2.18 1.91 1.49 0.00 0.00 0.00
2-methylphenanthrene 4.42 2.21 4.37 6.33 4.23 6.28 6.37 5.15 4.42 3.72 4.75 3.37 5.73 3.29 5.04 0.79 0.55 0.61
2-methylanthracene 2.08 1.81 2.20 2.57 2.33 2.41 2.90 3.12 3.49 2.75 2.22 2.32 2.25 2.14 3.29 0.00 0.00 0.00
1-methylphenanthrene 5.07 5.05 4.99 6.95 6.14 10.0 6.47 9.1 9.10 5.44 4.61 6.07 7.13 6.93 6.24 0.00 0.00 0.00
3,6-dimethylphenanthrene 4.20 5.02 3.22 6.15 6.68 7.68 6.86 4.62 5.58 4.20 4.85 5.09 4.04 6.88 5.12 0.75 0.56 0.60
Fluoranthene 2.83 1.89 1.60 2.41 1.98 2.96 2.66 2.09 3.53 2.55 2.96 2.42 2.33 2.07 2.37 1.03 0.91 0.82
Pyrene 1.72 2.61 3.08 3.25 3.05 2.30 3.44 3.36 3.48 2.16 1.80 3.16 3.09 3.83 2.83 0.93 0.81 0.73
Benzo(a)fluorene 1.41 0.97 1.20 2.45 2.46 3.72 2.64 3.35 2.29 1.55 1.54 1.73 2.09 1.35 1.93 0.00 0.00 0.00
1-methylpyrene 3.95 3.62 4.19 3.20 3.53 4.22 3.00 4.02 4.59 2.83 3.67 3.45 3.78 4.68 3.76 0.61 0.60 0.52
Benzo(a)anthracene 1.66 2.17 2.05 2.52 3.08 2.86 4.01 3.36 3.48 2.71 2.59 2.71 2.73 2.93 2.60 2.69 2.22 2.24
Chrysene 9.07 13.1 12.5 14.6 16.5 14.1 13.0 17.9 16.6 10.2 11.5 12.5 14.5 17.9 13.9 3.45 4.39 4.14
5-methylchrysene 4.83 6.67 4.56 9.9 8.93 10.8 11.4 8.71 10.0 7.57 6.89 6.83 6.20 10.0 5.38 0.00 0.00 0.00
Benzo(b)fluoranthene 1.47 2.43 1.43 1.93 2.32 3.01 2.13 2.62 2.67 1.40 1.32 1.91 2.23 2.48 1.53 1.24 1.17 1.13
Benzo(k)fluoranthene 0.65 0.83 0.99 1.34 1.04 1.18 0.98 1.05 0.78 0.97 0.95 1.11 1.03 0.82 1.03 1.95 1.53 1.23
Benzo(e)pyrene 3.65 2.05 2.54 5.86 3.89 3.71 3.88 4.86 5.57 3.52 3.09 3.53 3.89 3.23 3.28 3.91 3.04 2.98
Benzo(a)pyrene 1.48 0.83 1.10 1.83 1.45 1.65 1.49 1.69 1.65 0.80 0.81 1.11 1.42 1.37 1.67 4.53 2.28 4.71
Perylene 2.31 3.28 1.60 2.95 2.38 3.53 3.49 2.78 2.90 1.82 2.96 2.39 1.84 3.36 2.23 4.17 3.26 2.89
Indeno(1,2,3-cd)pyrene 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.17 0.00 0.19 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.62 2.33 1.93
Benzo(g,h,i)perylene 1.09 2.05 1.37 2.07 1.58 1.65 2.03 1.87 2.84 2.21 1.70 1.57 1.10 3.01 1.78 1.48 1.15 1.08
ΣPAH 66.9 71.9 65.0 95 87.4 100 97 101 102 72.8 74.0 74.4 82.9 96 79.9 33.9 28.9 28.8
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.20. Summary of raw results (µg/Kg, dry wt) for diploid oysters - September 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.57 0.82 0.87 0.89 0.85 0.88 1.05 0.91 1.06 0.90 0.60 0.60 0.62 1.01 0.78 0.74 1.12 0.56
Benzothiophene 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.24 0.00 0.26 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.72 0.53 0.53 0.74 0.53 0.65 0.59 0.64 0.46 0.53 0.70 0.57 0.86 0.46 0.69 0.39 0.63 0.36
Biphenyl 3.05 3.00 1.78 1.75 1.83 2.11 3.17 2.81 3.17 2.34 1.75 1.59 2.26 3.77 2.54 0.00 0.00 0.00
2-ethylnaphthalene 1.20 1.56 1.04 1.42 1.19 1.26 1.49 1.49 1.62 1.04 0.99 1.13 1.69 1.39 1.34 0.00 0.00 0.00
Acenaphthylene 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 0.00 0.34 0.00 0.34 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.99 0.83 0.78 1.07 0.98 0.93 1.03 1.01 1.09 1.32 0.93 0.85 0.60 1.45 1.43 0.00 0.00 0.00
Dibenzofuran 1.61 2.90 1.57 1.97 2.49 2.80 2.64 1.48 1.48 2.06 1.67 1.38 1.70 2.69 2.40 0.27 0.22 0.21
Fluorene 1.32 1.10 0.81 0.89 0.80 0.86 0.77 1.35 0.91 0.80 0.52 0.92 1.20 1.24 0.95 0.71 0.59 0.59
Dibenzothiophene 0.85 1.42 0.93 1.23 1.21 1.10 1.42 0.77 0.77 0.76 0.81 0.58 0.80 1.25 1.07 0.59 0.51 0.41
Phenanthrene 2.16 3.43 3.45 2.79 2.86 3.21 3.47 4.84 4.85 3.15 4.25 3.25 3.51 3.77 2.65 1.34 1.00 0.89
Anthracene 0.53 0.72 0.78 0.76 0.59 0.69 0.59 0.63 0.70 0.59 0.49 0.67 0.73 0.65 0.68 0.40 0.28 0.21
Carbozole 1.46 1.18 1.76 1.78 1.60 2.00 1.51 1.79 1.71 1.29 0.97 1.89 1.17 1.34 1.53 0.00 0.00 0.00
4-methyldibenzothiophene 1.85 1.36 1.62 2.26 2.63 3.65 2.91 4.52 1.54 2.50 2.09 2.25 3.40 1.64 1.83 0.00 0.00 0.00
2-methylphenanthrene 6.03 3.32 4.43 5.34 5.89 6.38 5.87 8.23 4.86 4.37 6.36 3.29 5.66 3.96 5.04 0.74 0.64 0.60
2-methylanthracene 3.79 1.79 2.52 2.56 2.43 2.85 3.88 2.90 3.05 2.75 2.22 2.44 3.34 2.40 2.77 0.00 0.00 0.00
1-methylphenanthrene 7.14 6.50 5.42 9.8 7.11 8.67 5.84 8.94 8.06 8.35 4.35 6.41 8.47 8.47 7.19 0.00 0.00 0.00
3,6-dimethylphenanthrene 5.45 7.29 5.67 8.9 6.06 6.79 7.04 5.25 7.39 6.49 5.26 6.55 5.89 7.29 4.62 0.94 0.73 0.66
Fluoranthene 2.85 2.24 2.36 2.17 2.24 3.21 3.31 2.85 3.89 3.08 3.47 2.30 3.70 2.65 2.28 1.15 1.06 0.97
Pyrene 2.27 2.94 3.09 3.44 2.49 3.00 2.74 3.15 2.58 3.42 2.89 3.20 3.49 4.37 3.42 0.97 0.88 0.74
Benzo(a)fluorene 1.79 1.52 1.61 2.51 2.19 3.55 2.40 3.75 2.05 1.72 2.19 1.97 2.61 1.75 1.86 0.00 0.00 0.00
1-methylpyrene 4.50 3.85 5.82 4.76 4.12 3.81 3.28 4.68 5.05 4.10 3.33 4.49 5.30 5.55 3.85 0.59 0.63 0.58
Benzo(a)anthracene 2.61 3.98 2.35 2.43 3.10 3.20 3.68 3.27 2.56 3.20 2.82 2.57 3.12 3.51 3.44 2.89 2.56 2.21
Chrysene 13.4 15.8 16.4 14.5 13.4 12.4 14.3 15.6 13.0 15.6 17.4 14.7 14.2 18.0 20.1 3.95 4.39 4.60
5-methylchrysene 6.33 6.98 5.29 6.73 9.2 8.89 12.1 8.61 10.6 8.29 7.05 6.59 6.63 9.68 6.82 0.00 0.00 0.00
Benzo(b)fluoranthene 2.68 2.85 1.67 2.00 1.91 2.31 1.85 2.33 2.65 2.30 1.51 2.45 2.81 3.61 1.88 1.49 1.26 1.09
Benzo(k)fluoranthene 0.88 0.99 1.24 1.16 0.85 1.20 0.82 1.10 0.82 1.00 0.90 1.24 1.07 0.89 1.25 2.10 1.91 1.38
Benzo(e)pyrene 5.68 3.33 2.55 4.67 3.54 3.84 4.02 5.84 5.33 3.84 4.55 4.54 4.52 3.93 3.88 4.13 3.57 3.13
Benzo(a)pyrene 1.76 1.20 1.39 1.54 1.66 1.49 1.50 1.91 1.68 0.93 1.00 1.16 1.65 1.68 1.16 5.09 2.53 5.26
Perylene 2.43 3.40 2.48 3.12 3.10 3.03 4.09 2.17 3.32 2.79 3.46 3.16 2.32 2.85 1.83 4.21 3.71 3.70
Indeno(1,2,3-cd)pyrene 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.16 0.00 0.26 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 2.59 2.03
Benzo(g,h,i)perylene 1.38 2.44 2.03 2.44 1.34 2.00 1.96 2.51 2.43 2.77 2.07 1.62 1.59 2.97 1.71 1.41 1.41 1.21
ΣPAH 88.1 89.3 82.2 96 88.2 97 99 106 99 92.3 87.4 84.3 95.8 104 91.0 36.6 32.2 31.4
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.21. Summary of raw results (µg/Kg, dry wt) for diploid oysters - November 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.61 0.78 0.79 1.29 0.80 1.11 1.33 1.02 1.39 0.94 0.70 0.85 0.64 0.96 0.60 0.75 1.12 0.82
Benzothiophene 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.00 0.00 0.24 0.00 0.28 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.74 0.42 0.48 0.85 0.69 0.78 0.56 0.90 0.60 0.72 0.84 0.61 1.08 0.48 0.67 0.49 0.65 0.45
Biphenyl 3.16 4.66 2.13 2.73 2.97 2.43 4.49 3.32 3.58 2.52 2.13 1.81 2.50 2.55 2.34 0.00 0.00 0.00
2-ethylnaphthalene 1.62 1.23 1.28 1.32 1.46 1.44 1.52 1.64 1.63 1.14 1.04 1.25 1.89 1.33 1.08 0.00 0.00 0.00
Acenaphthylene 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.00 0.00 0.36 0.00 0.41 0.00 0.00 0.00 0.00 0.00
Acenaphthene 1.03 1.25 1.15 1.42 0.97 1.02 1.47 1.04 1.09 1.15 1.22 0.81 0.71 1.53 1.37 0.00 0.00 0.00
Dibenzofuran 1.53 3.42 1.85 2.29 2.44 2.71 3.14 2.02 2.92 1.47 1.83 1.20 1.44 2.81 2.20 0.30 0.23 0.25
Fluorene 1.30 0.97 0.67 1.25 1.18 1.04 1.02 1.58 1.24 0.73 0.54 1.20 1.34 1.02 1.20 0.72 0.75 0.63
Dibenzothiophene 0.70 1.76 0.68 1.51 1.03 1.44 1.66 0.99 1.46 0.91 1.13 0.57 0.59 1.72 1.27 0.67 0.53 0.51
Phenanthrene 2.44 2.87 2.81 3.14 3.60 3.18 3.75 6.76 6.69 3.21 4.59 3.27 2.55 3.98 2.69 1.66 1.24 0.96
Anthracene 0.50 0.55 0.64 0.66 0.72 0.98 0.58 0.66 1.09 0.68 0.48 0.57 0.80 0.69 0.83 0.38 0.30 0.25
Carbozole 1.41 0.93 1.70 2.41 1.49 3.11 2.16 1.61 1.88 1.63 0.97 1.82 1.55 1.37 1.42 0.00 0.00 0.00
4-methyldibenzothiophene 1.82 1.54 1.72 3.92 3.48 4.53 2.41 3.75 1.95 2.64 1.93 1.90 3.01 2.11 2.08 0.00 0.00 0.00
2-methylphenanthrene 4.96 2.66 6.52 8.42 5.32 7.84 6.67 7.06 4.34 5.00 5.22 3.94 5.88 3.34 5.64 0.72 0.66 0.62
2-methylanthracene 4.12 2.47 3.12 3.72 4.03 3.22 3.99 4.55 3.64 3.11 2.30 3.00 3.13 3.31 2.83 0.00 0.00 0.00
1-methylphenanthrene 5.84 6.02 7.88 12.0 7.69 12.9 7.80 12.1 9.00 9.89 5.14 5.43 9.32 7.53 8.70 0.00 0.00 0.00
3,6-dimethylphenanthrene 4.72 7.18 4.41 8.95 6.72 11.0 8.85 5.35 7.65 5.13 6.42 6.47 5.05 8.58 4.86 1.04 0.65 0.70
Fluoranthene 3.29 2.33 2.44 3.87 2.65 3.46 3.19 3.01 3.95 3.13 2.48 2.94 3.21 2.59 2.60 1.13 1.20 0.90
Pyrene 2.12 2.44 2.89 4.32 3.86 3.98 3.72 4.08 3.29 3.33 3.03 4.24 2.90 4.62 3.51 0.94 0.84 0.82
Benzo(a)fluorene 2.01 1.48 1.32 2.77 3.52 5.30 2.98 4.43 2.60 2.86 2.07 2.18 2.72 1.92 2.31 0.00 0.00 0.00
1-methylpyrene 5.38 4.38 4.91 5.19 4.56 4.31 5.61 5.48 5.32 5.23 3.94 4.73 5.05 6.07 4.77 0.70 0.75 0.76
Benzo(a)anthracene 2.38 3.70 2.19 3.69 3.69 3.49 4.84 5.04 3.00 3.53 2.62 3.68 2.86 3.09 3.04 3.83 2.35 2.88
Chrysene 13.6 19.2 13.2 15.8 17.9 15.5 17.8 19.4 19.4 17.8 18.8 17.5 14.5 17.7 18.5 4.64 5.00 5.19
5-methylchrysene 7.68 7.88 5.79 10.5 12.5 12.1 10.9 12.2 9.91 9.66 7.64 9.70 8.87 11.4 7.21 0.00 0.00 0.00
Benzo(b)fluoranthene 2.03 2.95 1.28 3.37 2.87 3.08 2.14 2.85 3.27 1.52 1.91 2.66 1.87 3.77 1.43 1.84 1.39 1.14
Benzo(k)fluoranthene 0.90 1.17 1.22 2.21 1.26 1.13 1.11 1.35 1.03 1.50 0.94 1.10 1.22 1.05 1.26 2.35 1.52 1.28
Benzo(e)pyrene 4.75 2.66 2.96 6.07 5.52 5.14 6.35 5.59 7.62 4.64 4.93 5.65 4.09 3.74 5.21 4.90 4.65 3.02
Benzo(a)pyrene 1.72 1.42 1.74 2.71 1.81 1.60 2.18 1.88 2.43 1.18 1.01 1.27 1.57 1.22 1.68 4.86 3.40 5.39
Perylene 3.46 3.98 2.23 2.98 3.10 4.94 3.97 3.75 3.69 2.74 2.88 2.68 2.08 3.08 1.96 4.18 3.60 4.28
Indeno(1,2,3-cd)pyrene 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.17 0.00 0.27 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.83 2.99 2.05
Benzo(g,h,i)perylene 1.58 2.85 2.06 2.58 1.54 3.24 2.76 2.57 2.92 2.44 2.43 1.84 1.23 3.23 1.99 1.74 1.27 1.38
ΣPAH 88.2 95.2 82.1 122 109 126 119 127 119 100 91.9 94.8 94.6 107 95.3 40.7 35.1 34.3
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.22. Summary of raw results (µg/Kg, dry wt) for diploid oysters - February 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.47 0.90 0.77 0.96 0.97 0.75 0.99 1.04 0.93 0.72 0.62 0.76 0.58 0.88 0.80 1.00 1.07 0.83
Benzothiophene 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.21 0.00 0.25 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.68 0.50 0.43 0.70 0.63 0.83 0.65 0.77 0.57 0.71 0.90 0.56 0.79 0.42 0.65 0.43 0.82 0.56
Biphenyl 2.35 2.93 1.80 2.78 2.33 2.41 2.61 3.33 3.28 2.33 1.75 1.54 1.90 2.99 2.81 0.00 0.00 0.00
2-ethylnaphthalene 1.63 1.22 0.77 1.38 1.18 1.00 1.46 1.66 2.05 0.99 1.06 1.25 1.46 1.36 0.80 0.00 0.00 0.00
Acenaphthylene 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.00 0.00 0.36 0.00 0.43 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.78 0.96 0.69 1.26 0.81 1.04 1.10 1.34 1.00 1.29 1.07 0.66 0.58 1.35 0.98 0.00 0.00 0.00
Dibenzofuran 1.60 2.64 1.88 2.83 2.61 2.44 2.87 2.03 1.88 1.42 1.77 1.27 1.50 2.14 1.85 0.30 0.24 0.27
Fluorene 1.12 1.28 0.66 0.97 1.24 0.96 0.98 1.09 1.06 0.87 0.45 0.96 1.25 1.22 0.79 0.80 0.86 0.68
Dibenzothiophene 0.68 1.52 0.81 1.25 1.04 1.22 1.48 0.99 0.86 0.69 0.92 0.67 0.58 1.77 1.20 0.69 0.57 0.47
Phenanthrene 2.38 3.16 3.08 3.16 3.52 3.06 3.24 5.25 4.42 2.88 4.19 4.14 3.09 3.60 3.27 1.48 1.20 0.88
Anthracene 0.44 0.66 0.77 0.77 0.52 0.65 0.59 0.78 0.73 0.62 0.49 0.62 0.66 0.76 0.72 0.36 0.33 0.29
Carbozole 1.22 0.97 1.52 2.02 1.23 2.11 2.24 1.78 1.81 1.80 0.98 1.39 1.40 1.15 1.35 0.00 0.00 0.00
4-methyldibenzothiophene 2.27 1.39 1.33 3.89 2.62 4.15 2.40 5.16 2.45 2.63 1.88 1.75 2.55 1.87 1.76 0.00 0.00 0.00
2-methylphenanthrene 5.34 3.02 4.38 6.68 6.59 5.50 5.96 6.48 5.07 3.85 6.68 3.91 4.85 4.71 5.01 0.83 0.66 0.70
2-methylanthracene 3.27 2.47 2.44 3.36 3.06 2.60 2.90 3.13 3.47 2.78 2.29 2.65 2.48 3.09 3.51 0.00 0.00 0.00
1-methylphenanthrene 5.21 4.50 6.11 6.93 7.62 12.3 6.61 11.8 10.7 7.51 6.20 6.24 10.5 6.12 8.61 0.00 0.00 0.00
3,6-dimethylphenanthrene 3.65 5.12 3.74 8.93 8.52 7.35 8.25 7.63 7.65 4.62 4.79 6.85 5.42 7.31 4.45 1.12 0.77 0.82
Fluoranthene 2.74 2.72 2.38 3.30 2.63 2.93 2.91 2.99 4.00 3.12 3.55 2.46 2.35 3.05 2.54 1.27 1.16 0.98
Pyrene 2.03 2.51 3.25 3.81 3.25 2.84 3.17 3.64 3.19 2.96 2.51 3.04 3.06 4.80 4.79 1.26 1.12 0.81
Benzo(a)fluorene 2.13 1.19 1.49 3.10 2.62 2.97 3.31 3.91 2.33 2.30 1.62 1.54 2.53 2.33 1.61 0.00 0.00 0.00
1-methylpyrene 5.18 4.03 4.45 4.94 4.18 4.15 4.98 5.11 4.07 4.14 3.44 3.58 5.92 5.35 5.84 0.68 0.66 0.78
Benzo(a)anthracene 1.84 3.32 1.74 3.19 3.11 3.34 4.52 4.56 3.35 3.29 2.17 3.56 2.51 3.93 3.28 3.18 2.28 2.30
Chrysene 11.4 13.4 13.3 21.6 17.9 11.0 19.3 22.9 20.0 14.7 14.9 14.1 17.7 21.2 17.1 4.69 5.77 4.80
5-methylchrysene 5.99 6.98 5.21 11.2 8.95 9.33 11.3 8.02 10.2 7.87 9.46 8.69 6.30 8.5 5.90 0.00 0.00 0.00
Benzo(b)fluoranthene 1.88 2.18 1.45 2.45 2.47 3.45 2.74 2.80 2.61 2.32 1.82 2.63 1.93 3.21 1.55 2.12 1.36 1.30
Benzo(k)fluoranthene 1.05 0.73 1.10 2.08 1.17 1.23 1.01 1.01 1.07 1.33 1.01 1.08 0.88 0.81 0.82 2.40 2.01 1.60
Benzo(e)pyrene 4.42 2.64 2.75 6.94 5.01 5.09 5.88 6.38 5.27 3.96 3.85 4.61 3.81 3.71 3.85 4.01 4.99 3.87
Benzo(a)pyrene 1.62 1.43 1.31 1.72 1.40 1.79 1.68 1.62 2.04 1.40 0.75 1.13 1.90 1.35 1.49 6.36 2.99 6.40
Perylene 2.28 4.44 2.00 2.60 3.05 3.79 4.16 3.37 4.88 2.78 3.10 2.25 2.65 3.04 1.75 4.71 3.91 3.63
Indeno(1,2,3-cd)pyrene 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.13 0.00 0.20 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.13 3.02 2.30
Benzo(g,h,i)perylene 1.38 2.08 1.72 2.19 1.48 3.01 1.96 2.72 2.78 3.23 2.17 1.65 1.62 2.32 1.81 1.82 1.62 1.40
ΣPAH 77.7 80.8 73.3 117 102 103 111 124 114 89.2 87.1 85.6 93.6 104 90.9 42.6 37.4 35.7
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.23. Summary of raw results (µg/Kg, dry wt) for diploid oysters - May 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.41 0.65 0.75 0.93 0.77 0.84 1.00 0.75 0.74 0.66 0.42 0.57 0.41 0.75 0.59 0.85 1.20 0.67
Benzothiophene 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.22 0.00 0.21 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.46 0.44 0.45 0.65 0.57 0.77 0.55 0.71 0.38 0.49 0.54 0.39 0.61 0.47 0.49 0.43 0.80 0.50
Biphenyl 1.81 2.44 1.61 2.02 1.73 1.36 2.90 2.47 2.79 1.86 1.43 1.32 1.52 2.83 2.27 0.00 0.00 0.00
2-ethylnaphthalene 1.22 1.14 0.94 0.90 0.73 0.80 1.33 1.27 1.39 0.81 1.06 0.96 1.61 1.04 0.71 0.00 0.00 0.00
Acenaphthylene 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.25 0.00 0.30 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.68 0.84 0.82 0.99 0.73 0.76 0.84 0.95 1.11 0.83 0.70 0.58 0.63 1.24 0.81 0.00 0.00 0.00
Dibenzofuran 1.00 2.18 1.57 1.75 1.94 2.37 2.68 1.40 2.11 1.35 1.39 0.97 1.14 1.91 1.55 0.26 0.20 0.26
Fluorene 0.97 0.77 0.48 0.75 0.83 0.71 1.08 1.33 0.74 0.65 0.45 0.83 0.82 0.92 0.77 0.85 0.88 0.61
Dibenzothiophene 0.51 1.17 0.68 1.02 0.81 0.99 1.14 0.70 1.04 0.63 0.74 0.55 0.69 1.01 0.92 0.75 0.49 0.49
Phenanthrene 1.67 2.32 1.99 2.11 2.37 2.40 2.70 4.63 4.29 1.89 3.34 3.01 2.87 3.23 2.49 1.44 1.01 1.03
Anthracene 0.34 0.47 0.50 0.54 0.41 0.57 0.47 0.63 0.69 0.47 0.42 0.41 0.59 0.47 0.55 0.37 0.32 0.25
Carbozole 0.85 0.79 1.10 1.54 1.28 1.63 1.42 1.07 1.47 1.58 0.73 1.20 1.29 1.25 1.67 0.00 0.00 0.00
4-methyldibenzothiophene 2.15 1.45 0.88 2.98 2.26 3.25 2.44 3.95 1.84 2.01 1.65 1.39 2.44 1.33 1.06 0.00 0.00 0.00
2-methylphenanthrene 4.21 2.13 3.94 5.56 4.92 5.56 4.73 6.07 4.68 3.24 4.91 3.32 5.34 3.55 4.14 0.84 0.65 0.67
2-methylanthracene 1.83 1.49 2.49 2.14 1.71 1.81 2.25 3.37 2.79 2.14 1.92 2.14 2.73 1.96 2.45 0.00 0.00 0.00
1-methylphenanthrene 5.36 4.14 5.33 5.52 5.85 8.4 4.24 9.5 7.31 6.10 5.27 3.64 8.76 6.32 6.01 0.00 0.00 0.00
3,6-dimethylphenanthrene 2.90 5.71 2.98 6.83 6.28 6.00 6.42 4.70 6.00 4.72 4.26 3.95 4.76 6.54 4.38 1.22 0.68 0.80
Fluoranthene 2.47 1.90 1.99 2.25 2.01 1.81 2.99 2.41 3.19 2.18 2.48 1.92 2.47 2.61 1.70 1.25 1.13 1.01
Pyrene 1.83 2.13 2.99 3.00 2.19 2.63 3.55 2.47 3.24 2.56 2.00 2.87 2.20 3.56 3.46 1.36 1.04 0.90
Benzo(a)fluorene 1.60 1.35 1.49 2.64 2.07 3.18 3.05 3.15 1.52 1.98 1.88 1.55 2.27 1.22 1.24 0.00 0.00 0.00
1-methylpyrene 3.87 3.55 3.17 3.62 3.47 2.59 3.20 3.90 3.67 3.56 3.01 4.03 3.93 4.03 4.66 0.69 0.66 0.64
Benzo(a)anthracene 1.91 2.50 1.50 2.08 2.38 2.79 3.66 3.71 2.68 2.42 2.31 2.33 2.19 2.27 2.79 3.39 2.45 2.71
Chrysene 10.9 14.0 11.9 14.3 14.1 12.0 14.8 16.4 14.3 14.2 9.6 13.5 14.6 13.8 12.9 4.74 4.68 5.48
5-methylchrysene 5.13 6.99 4.63 6.40 9.14 9.84 8.73 5.76 7.65 5.44 6.82 6.14 7.18 7.6 5.45 0.00 0.00 0.00
Benzo(b)fluoranthene 1.96 2.38 1.42 1.80 1.95 2.71 1.76 2.52 1.80 1.43 1.16 1.79 2.44 2.47 1.21 1.78 1.58 1.21
Benzo(k)fluoranthene 0.96 0.71 0.99 1.33 0.90 1.24 0.89 1.01 0.59 0.88 0.76 0.97 0.83 0.68 0.78 2.20 2.05 1.44
Benzo(e)pyrene 3.30 2.52 2.50 5.29 3.23 3.44 4.54 4.64 4.57 3.81 3.55 3.08 4.25 2.91 2.76 5.29 4.02 3.18
Benzo(a)pyrene 1.00 1.06 1.25 1.38 1.28 1.34 1.06 1.37 1.49 1.06 0.65 1.09 1.23 1.41 0.90 5.14 3.02 5.81
Perylene 2.68 2.91 1.54 2.19 2.00 3.48 3.84 2.84 3.40 2.02 2.74 2.53 1.66 2.83 1.75 3.99 4.62 4.06
Indeno(1,2,3-cd)pyrene 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.11 0.00 0.19 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 2.82 2.14
Benzo(g,h,i)perylene 1.13 2.10 1.74 2.08 1.07 2.30 1.53 2.42 2.17 2.14 1.49 1.47 1.00 1.81 1.39 2.12 1.61 1.38
ΣPAH 65.6 72.2 63.6 84.6 78.9 87.5 89.8 96.9 89.6 73.2 68.3 68.5 83.2 82 71.9 42.3 35.9 35.3
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.24.Summary of raw results (µg/Kg, dry wt) for diploid oysters - August 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.22 0.48 0.45 0.70 0.49 0.60 0.45 0.54 0.60 0.35 0.42 0.53 0.26 0.32 0.38 0.78 1.19 0.87
Benzothiophene 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.15 0.00 0.13 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.39 0.28 0.26 0.32 0.39 0.39 0.35 0.49 0.28 0.36 0.37 0.23 0.38 0.26 0.30 0.47 0.75 0.45
Biphenyl 1.55 1.41 1.08 1.13 1.39 1.17 2.10 1.69 1.75 1.18 1.15 1.25 1.18 1.80 0.90 0.00 0.00 0.00
2-ethylnaphthalene 0.69 0.65 0.47 0.81 0.52 0.50 0.91 0.92 0.88 0.63 0.83 0.52 0.77 0.58 0.43 0.00 0.00 0.00
Acenaphthylene 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.17 0.00 0.20 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.46 0.52 0.51 0.57 0.50 0.55 0.75 0.69 0.69 0.56 0.48 0.50 0.35 0.58 0.70 0.00 0.00 0.00
Dibenzofuran 0.80 1.47 1.14 1.36 1.44 1.47 1.74 1.05 1.28 1.13 0.97 0.65 0.60 1.43 1.04 0.25 0.26 0.25
Fluorene 0.56 0.58 0.40 0.48 0.55 0.45 0.55 0.85 0.56 0.41 0.24 0.50 0.66 0.60 0.37 0.71 0.72 0.64
Dibenzothiophene 0.37 0.88 0.47 0.84 0.73 0.86 0.89 0.40 0.63 0.59 0.62 0.42 0.32 0.78 0.47 0.57 0.50 0.44
Phenanthrene 1.50 1.89 1.70 1.79 1.48 1.30 2.45 2.12 2.83 1.94 2.44 1.64 1.50 1.63 1.18 1.99 1.01 1.01
Anthracene 0.21 0.42 0.37 0.36 0.30 0.56 0.33 0.38 0.52 0.35 0.34 0.32 0.32 0.25 0.34 0.36 0.29 0.29
Carbozole 0.58 0.48 0.87 1.14 0.73 1.27 1.27 1.04 0.65 0.92 0.47 0.79 0.56 0.54 0.89 0.00 0.00 0.00
4-methyldibenzothiophene 1.04 0.77 0.60 1.49 1.16 2.13 1.79 2.09 1.55 1.28 0.96 1.13 1.54 0.98 0.72 0.00 0.00 0.00
2-methylphenanthrene 3.28 1.50 3.08 3.85 3.34 3.75 2.96 4.57 2.33 2.75 3.25 2.20 2.99 2.09 2.71 0.99 0.88 0.61
2-methylanthracene 1.47 1.20 1.48 1.58 1.61 1.65 2.12 2.08 1.59 1.50 1.02 1.48 1.41 1.56 2.00 0.00 0.00 0.00
1-methylphenanthrene 2.57 2.52 4.11 5.95 2.90 5.4 3.68 5.5 4.79 4.89 3.02 3.62 4.52 2.86 3.61 0.00 0.00 0.00
3,6-dimethylphenanthrene 1.90 2.73 2.01 4.69 4.33 4.56 5.08 2.83 4.27 3.27 2.99 3.12 2.79 4.43 2.58 1.01 0.72 0.84
Fluoranthene 1.86 1.17 1.37 1.68 1.39 1.87 1.92 1.74 1.88 1.25 1.43 1.71 1.06 1.25 0.95 1.21 1.18 1.11
Pyrene 1.36 1.81 1.81 1.64 1.49 1.82 2.05 2.19 2.36 1.92 1.32 1.43 1.10 2.76 2.04 1.26 0.99 0.84
Benzo(a)fluorene 0.90 0.85 0.69 1.40 1.59 1.84 1.95 3.14 0.89 1.01 0.89 0.93 1.16 0.92 0.69 0.00 0.00 0.00
1-methylpyrene 2.63 2.60 3.01 2.82 2.92 1.92 2.45 2.67 2.88 2.14 1.75 2.75 2.72 1.83 2.19 0.71 0.62 0.67
Benzo(a)anthracene 1.30 1.39 1.12 1.35 1.92 1.64 2.58 1.62 1.84 1.81 1.53 1.78 1.72 1.51 1.38 3.95 2.28 2.76
Chrysene 7.03 9.7 5.12 11.4 8.95 6.65 8.42 11.9 8.00 8.15 5.91 8.89 8.74 9.0 7.79 4.96 5.17 6.65
5-methylchrysene 3.00 4.27 2.46 6.10 6.08 4.90 6.15 4.23 6.23 4.73 4.87 4.02 3.47 4.4 3.00 0.00 0.00 0.00
Benzo(b)fluoranthene 1.01 1.59 0.94 1.44 1.11 2.10 1.29 1.41 1.26 0.97 0.73 1.46 1.09 1.61 0.80 1.64 1.61 1.40
Benzo(k)fluoranthene 0.48 0.36 0.58 1.27 0.66 0.73 0.62 0.63 0.54 0.79 0.45 0.49 0.65 0.39 0.40 2.43 2.18 1.87
Benzo(e)pyrene 2.11 1.65 1.68 2.90 2.43 3.14 2.39 3.14 3.51 2.80 2.21 2.41 2.16 2.42 2.14 4.60 4.68 3.35
Benzo(a)pyrene 0.84 0.68 0.84 0.93 1.03 1.22 0.93 0.91 1.25 0.73 0.43 0.57 0.76 0.75 0.77 5.79 3.13 5.56
Perylene 1.19 1.50 1.25 1.70 1.45 1.66 1.99 1.68 1.88 1.45 1.46 1.81 1.15 1.67 1.07 5.41 4.13 4.48
Indeno(1,2,3-cd)pyrene 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.11 0.00 0.10 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.64 3.49 2.01
Benzo(g,h,i)perylene 0.74 0.99 0.88 1.24 0.79 1.47 0.97 1.78 1.98 1.23 1.10 0.86 0.94 1.72 1.05 2.00 1.34 1.53
ΣPAH 42.4 46.3 40.8 63.0 53.6 57.5 61.1 64.9 59.7 51.1 44.1 48.0 47.3 51 42.9 44.7 37.1 37.6
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.25. Summary of raw results (µg/Kg, dry wt) for diploid oysters - September 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.24 0.43 0.43 0.65 0.54 0.50 0.47 0.60 0.59 0.59 0.40 0.37 0.36 0.42 0.38 0.69 1.01 0.66
Benzothiophene 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.14 0.00 0.14 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.38 0.23 0.31 0.46 0.43 0.45 0.44 0.56 0.31 0.38 0.43 0.31 0.40 0.34 0.45 0.35 0.56 0.39
Biphenyl 1.52 2.33 1.27 1.56 1.29 1.28 2.20 1.60 2.64 1.38 1.02 1.19 1.40 1.93 1.11 0.00 0.00 0.00
2-ethylnaphthalene 0.87 0.79 0.50 0.75 0.81 0.87 0.70 1.02 1.12 0.59 0.64 0.74 0.88 0.68 0.61 0.00 0.00 0.00
Acenaphthylene 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00 0.16 0.00 0.26 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.45 0.60 0.50 0.80 0.61 0.61 0.70 0.54 0.66 0.59 0.48 0.56 0.35 0.57 0.70 0.00 0.00 0.00
Dibenzofuran 0.89 1.85 1.10 1.37 1.14 1.91 1.57 1.29 1.35 1.03 0.97 0.73 0.95 1.33 1.00 0.19 0.20 0.21
Fluorene 0.55 0.61 0.42 0.73 0.77 0.45 0.55 0.84 0.73 0.46 0.35 0.66 0.71 0.55 0.48 0.63 0.63 0.55
Dibenzothiophene 0.41 0.74 0.45 0.64 0.68 0.77 0.81 0.47 0.70 0.58 0.62 0.44 0.43 0.61 0.60 0.58 0.42 0.36
Phenanthrene 1.27 1.69 1.79 1.81 1.59 1.73 2.78 2.59 2.47 2.14 2.40 1.94 1.65 2.12 1.34 1.13 0.83 0.89
Anthracene 0.29 0.39 0.30 0.40 0.37 0.41 0.47 0.46 0.42 0.33 0.25 0.30 0.32 0.38 0.44 0.30 0.26 0.28
Carbozole 0.58 0.49 0.68 1.30 1.16 1.43 1.31 1.04 1.09 0.95 0.65 0.80 0.72 0.84 0.92 0.00 0.00 0.00
4-methyldibenzothiophene 1.30 0.77 0.74 1.56 1.55 2.05 1.92 2.46 1.09 1.21 1.14 1.13 1.58 1.11 1.20 0.00 0.00 0.00
2-methylphenanthrene 3.33 1.47 3.20 4.82 2.56 3.71 3.80 4.98 2.18 2.15 3.70 2.02 3.29 2.26 3.25 0.70 0.56 0.58
2-methylanthracene 2.12 1.24 1.94 1.55 1.98 1.31 2.47 1.92 2.45 1.72 1.12 1.35 2.22 1.30 1.38 0.00 0.00 0.00
1-methylphenanthrene 3.14 2.98 4.34 4.99 3.53 7.7 3.40 5.4 6.43 4.18 4.05 2.42 4.93 3.94 4.33 0.00 0.00 0.00
3,6-dimethylphenanthrene 2.55 3.53 2.27 4.02 3.80 4.76 4.16 3.15 4.22 2.71 4.41 4.16 2.33 3.92 2.99 0.88 0.59 0.59
Fluoranthene 1.40 1.22 1.40 1.63 1.36 1.93 1.52 1.71 2.56 2.07 2.18 1.64 1.18 1.81 1.29 1.05 0.89 0.83
Pyrene 1.36 1.45 1.71 2.08 1.77 1.95 2.05 2.44 1.94 1.92 1.80 2.12 1.85 2.42 1.58 1.03 0.90 0.64
Benzo(a)fluorene 1.14 0.98 0.80 2.12 1.71 2.39 1.94 2.46 1.21 1.10 1.20 1.07 1.34 0.93 0.91 0.00 0.00 0.00
1-methylpyrene 2.87 2.90 2.86 2.88 2.92 2.37 2.74 4.03 2.16 2.51 2.42 2.09 2.46 2.57 2.37 0.54 0.66 0.56
Benzo(a)anthracene 1.29 2.00 1.14 1.83 1.71 2.31 2.69 1.76 1.61 2.12 1.39 1.72 1.74 1.90 1.72 2.23 2.18 2.03
Chrysene 8.18 9.70 7.19 8.72 9.06 8.25 8.26 14.3 9.31 8.15 6.82 9.48 6.81 11.2 9.13 3.66 5.14 4.74
5-methylchrysene 3.34 4.12 2.97 6.16 6.61 7.06 6.03 5.60 4.62 5.00 4.55 3.91 3.90 5.0 2.75 0.00 0.00 0.00
Benzo(b)fluoranthene 1.28 1.83 0.68 1.33 1.37 2.06 1.18 1.68 1.57 1.00 0.84 1.46 1.66 1.73 0.95 1.35 1.47 1.10
Benzo(k)fluoranthene 0.61 0.54 0.84 1.06 0.67 0.82 0.74 0.66 0.51 0.55 0.48 0.52 0.71 0.59 0.64 1.85 1.59 1.28
Benzo(e)pyrene 2.71 1.96 1.33 3.45 2.83 2.87 2.79 3.37 3.38 3.24 1.94 3.06 2.59 2.25 1.73 3.43 3.42 2.45
Benzo(a)pyrene 1.06 0.61 0.73 1.19 0.92 0.99 0.98 0.92 1.31 0.70 0.54 0.69 0.87 0.93 0.90 5.25 2.62 4.07
Perylene 1.44 2.15 1.39 1.49 1.48 2.03 2.74 2.27 1.89 1.90 1.99 1.26 1.62 1.87 1.35 3.60 3.50 3.05
Indeno(1,2,3-cd)pyrene 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.09 0.00 0.12 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.61 2.37 1.91
Benzo(g,h,i)perylene 0.88 1.13 1.00 1.50 0.82 1.71 1.25 1.57 1.57 1.83 0.90 1.37 0.91 1.86 1.06 1.41 1.26 1.17
ΣPAH 47.8 50.7 44.3 62.8 56.0 66.7 62.6 72.4 62.1 53.1 50.1 49.5 50.7 57 47.6 33.5 31.0 28.3
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.26. Summary of raw results (µg/Kg, dry wt) for triploid oysters - July 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.50 0.75 0.76 0.85 0.83 1.08 0.91 1.09 0.87 0.74 0.59 0.78 0.76 1.08 0.80 0.80 0.96 0.66
Benzothiophene 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.00 0.00 0.23 0.00 0.31 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.73 0.53 0.44 0.80 0.65 0.57 0.63 0.79 0.45 0.56 0.77 0.59 0.80 0.42 0.78 0.39 0.55 0.38
Biphenyl 2.68 2.75 1.63 2.84 2.77 2.41 3.64 3.37 3.35 2.60 1.55 1.73 2.32 3.53 2.73 0.00 0.00 0.00
2-ethylnaphthalene 1.51 1.04 0.77 1.14 1.18 1.27 1.22 1.30 1.99 1.12 1.33 1.20 1.83 1.45 1.27 0.00 0.00 0.00
Acenaphthylene 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.42 0.00 0.35 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.93 1.03 0.89 1.42 0.92 0.92 1.28 1.14 1.10 1.02 0.95 0.91 0.86 1.51 1.21 0.00 0.00 0.00
Dibenzofuran 1.29 2.42 1.59 2.74 1.87 2.35 3.46 2.11 2.25 2.01 2.37 1.14 1.51 3.09 2.39 0.28 0.25 0.21
Fluorene 1.04 0.90 0.64 1.13 0.89 1.10 0.84 1.37 1.26 0.90 0.67 1.24 1.38 1.25 0.93 0.71 0.62 0.66
Dibenzothiophene 0.67 1.19 0.64 1.47 0.99 1.41 1.60 0.93 1.01 0.98 0.86 0.53 0.73 1.53 1.20 0.53 0.46 0.46
Phenanthrene 2.63 3.76 3.14 3.68 2.96 3.38 3.67 4.23 4.83 3.58 4.07 3.49 3.59 3.66 2.40 1.07 1.24 0.84
Anthracene 0.49 0.72 0.72 0.69 0.56 0.96 0.82 0.70 0.99 0.73 0.60 0.48 0.83 0.84 0.88 0.34 0.30 0.22
Carbozole 1.36 0.87 1.27 1.84 1.96 2.33 2.16 1.80 1.27 1.70 0.93 1.36 1.75 1.30 1.73 0.00 0.00 0.00
4-methyldibenzothiophene 2.23 1.24 1.32 2.65 2.57 3.25 2.73 4.38 2.18 2.40 2.24 1.52 2.49 2.38 1.73 0.00 0.00 0.00
2-methylphenanthrene 5.28 2.61 5.04 7.27 5.04 7.62 7.66 6.28 5.44 4.58 5.55 4.12 6.94 3.89 6.03 0.85 0.63 0.68
2-methylanthracene 2.49 2.15 2.54 2.99 2.83 2.83 3.42 3.83 4.02 3.11 2.65 2.73 2.73 2.51 3.86 0.00 0.00 0.00
1-methylphenanthrene 6.22 6.10 5.91 8.23 7.14 11.7 7.79 10.7 10.2 6.57 5.40 6.98 9.05 8.15 7.31 0.00 0.00 0.00
3,6-dimethylphenanthrene 5.03 6.16 3.90 7.20 8.03 9.22 8.17 5.29 6.48 4.92 5.72 5.83 4.87 7.67 5.83 0.84 0.61 0.64
Fluoranthene 3.34 2.23 1.99 2.95 2.36 3.60 3.24 2.63 4.23 3.13 3.31 2.92 2.73 2.49 2.83 1.10 0.96 0.88
Pyrene 2.13 3.01 3.61 3.81 3.59 2.76 4.05 3.79 4.05 2.60 2.14 3.68 3.76 4.38 3.36 1.04 0.90 0.81
Benzo(a)fluorene 1.66 1.20 1.40 2.77 2.90 4.52 3.19 3.76 2.59 1.80 1.83 2.17 2.61 1.62 2.24 0.00 0.00 0.00
1-methylpyrene 4.76 4.26 4.90 3.79 4.14 4.96 3.67 4.90 5.51 3.17 4.48 4.02 4.44 5.72 4.23 0.69 0.69 0.58
Benzo(a)anthracene 2.03 2.53 2.53 3.03 3.76 3.31 4.84 3.86 3.94 3.24 3.21 3.07 3.20 3.55 2.91 2.94 2.43 2.37
Chrysene 10.4 15.7 14.5 16.5 19.5 16.1 16.0 20.1 18.9 11.8 14.4 14.4 16.2 21.4 17.0 3.79 4.97 4.60
5-methylchrysene 5.54 7.95 5.52 11.6 10.4 12.3 13.6 10.3 11.9 8.81 8.25 7.95 7.73 12.1 6.39 0.00 0.00 0.00
Benzo(b)fluoranthene 1.74 2.79 1.69 2.31 2.75 3.58 2.58 3.04 3.32 1.67 1.59 2.38 2.62 2.88 1.91 1.42 1.33 1.20
Benzo(k)fluoranthene 0.72 0.95 1.20 1.63 1.17 1.46 1.13 1.23 0.92 1.18 1.13 1.36 1.23 1.01 1.25 2.08 1.63 1.35
Benzo(e)pyrene 4.23 2.41 3.07 6.93 4.37 4.50 4.71 5.78 6.44 3.97 3.61 4.04 4.58 3.68 3.83 4.16 3.48 3.30
Benzo(a)pyrene 1.81 1.00 1.27 2.14 1.75 1.88 1.73 1.91 2.01 0.95 0.95 1.34 1.68 1.56 1.86 5.06 2.54 5.28
Perylene 2.95 3.95 1.80 3.40 2.90 3.99 4.35 3.33 3.58 2.28 3.58 2.79 2.30 4.07 2.63 4.39 3.46 3.32
Indeno(1,2,3-cd)pyrene 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.00 0.20 0.00 0.23 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.76 2.57 2.17
Benzo(g,h,i)perylene 1.35 2.50 1.64 2.55 1.78 2.06 2.36 2.36 3.20 2.58 2.02 1.76 1.37 3.39 2.20 1.56 1.26 1.24
ΣPAH 78.5 84.7 76.3 110 103 117 115 118 118 84.7 87.6 86.6 97.8 112 93.7 36.8 31.9 31.8
Site #5 Site #6Site #1 Site #2 Site #3 Site #4
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Table A.27. Summary of raw results (µg/Kg, dry wt) for triploid oysters - September 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.64 0.94 1.05 1.29 1.19 1.27 1.38 1.33 1.42 1.16 0.73 0.71 0.76 1.22 0.92 0.88 1.38 0.70
Benzothiophene 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.00 0.00 0.29 0.00 0.32 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.85 0.62 0.63 1.01 0.70 0.88 0.83 0.89 0.66 0.66 0.86 0.69 1.04 0.59 0.88 0.47 0.77 0.45
Biphenyl 3.69 3.39 2.03 2.50 2.50 3.00 4.31 4.14 4.21 2.96 2.13 1.90 2.78 4.58 3.17 0.00 0.00 0.00
2-ethylnaphthalene 1.35 1.81 1.16 1.94 1.72 1.69 2.01 1.97 2.22 1.30 1.23 1.34 2.12 1.78 1.66 0.00 0.00 0.00
Acenaphthylene 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00 0.00 0.41 0.00 0.44 0.00 0.00 0.00 0.00 0.00
Acenaphthene 1.11 0.99 0.90 1.50 1.38 1.35 1.39 1.39 1.48 1.66 1.10 1.03 0.76 1.70 1.70 0.00 0.00 0.00
Dibenzofuran 1.90 3.19 1.73 2.60 3.42 3.84 3.84 2.11 2.16 2.47 1.96 1.71 1.99 3.38 2.83 0.33 0.28 0.25
Fluorene 1.58 1.25 0.91 1.19 1.09 1.21 1.07 1.94 1.22 1.01 0.65 1.17 1.51 1.51 1.16 0.89 0.76 0.69
Dibenzothiophene 0.96 1.72 1.02 1.64 1.63 1.48 1.90 1.11 1.12 0.95 1.03 0.70 1.03 1.58 1.33 0.70 0.66 0.52
Phenanthrene 2.42 3.83 3.86 3.86 3.89 4.41 4.72 6.63 6.46 3.80 5.08 3.82 4.20 4.74 3.18 1.61 1.27 1.07
Anthracene 0.62 0.84 0.93 1.01 0.81 0.99 0.78 0.84 0.95 0.75 0.63 0.81 0.89 0.78 0.85 0.47 0.36 0.27
Carbozole 1.65 1.34 1.95 2.47 2.17 2.85 2.16 2.46 2.33 1.59 1.24 2.38 1.43 1.63 1.86 0.00 0.00 0.00
4-methyldibenzothiophene 2.02 1.57 1.83 3.28 3.82 4.94 4.11 6.27 2.20 3.07 2.66 2.65 4.08 2.00 2.19 0.00 0.00 0.00
2-methylphenanthrene 7.28 3.93 5.19 7.87 7.88 8.74 7.81 11.4 6.96 5.62 8.20 4.17 7.12 4.63 6.51 0.91 0.77 0.73
2-methylanthracene 4.15 2.09 2.92 3.56 3.38 3.81 5.35 4.10 4.13 3.45 2.75 3.01 4.02 2.99 3.49 0.00 0.00 0.00
1-methylphenanthrene 8.31 7.79 6.46 13.6 10.3 12.1 8.23 12.2 11.8 10.3 5.62 7.66 10.6 9.95 9.17 0.00 0.00 0.00
3,6-dimethylphenanthrene 6.01 8.47 6.20 12.0 8.51 9.59 9.81 7.46 9.98 7.76 6.23 8.41 7.51 8.52 5.85 1.10 0.90 0.82
Fluoranthene 3.44 2.70 2.67 3.13 2.97 4.33 4.51 3.96 5.61 3.61 4.30 2.85 4.36 3.41 2.76 1.37 1.31 1.16
Pyrene 2.60 3.36 3.49 4.59 3.45 4.22 3.76 4.48 3.67 4.18 3.40 3.84 4.45 5.36 4.11 1.15 1.08 0.94
Benzo(a)fluorene 2.12 1.81 1.94 3.29 3.07 5.16 3.45 4.94 2.87 2.17 2.80 2.52 3.08 2.10 2.31 0.00 0.00 0.00
1-methylpyrene 5.01 4.22 6.84 6.43 5.77 5.43 4.63 6.57 6.93 5.09 3.94 5.52 6.86 6.73 4.95 0.74 0.80 0.68
Benzo(a)anthracene 2.87 4.37 2.72 3.24 4.12 4.30 4.95 4.65 3.69 3.77 3.36 3.14 3.94 4.51 4.10 3.58 3.07 2.81
Chrysene 15.1 17.4 18.5 20.8 18.8 16.9 19.8 21.3 18.7 18.2 21.7 18.2 18.4 22.9 25.4 5.03 5.38 5.80
5-methylchrysene 7.43 8.09 5.94 9.90 12.2 12.3 16.0 11.7 14.0 10.2 8.49 7.92 7.95 11.9 8.82 0.00 0.00 0.00
Benzo(b)fluoranthene 2.93 3.43 1.84 2.71 2.77 3.42 2.42 3.36 3.62 2.83 1.78 2.98 3.33 4.48 2.34 1.89 1.60 1.40
Benzo(k)fluoranthene 1.03 1.09 1.42 1.61 1.21 1.61 1.14 1.47 1.16 1.17 1.11 1.48 1.33 1.15 1.61 2.67 2.37 1.72
Benzo(e)pyrene 6.29 3.68 3.09 6.15 4.91 5.33 5.55 8.01 7.64 4.68 5.59 5.60 5.72 4.64 4.97 5.01 4.59 3.77
Benzo(a)pyrene 2.01 1.35 1.64 2.15 2.22 2.12 2.01 2.56 2.46 1.14 1.27 1.48 1.94 2.11 1.45 6.15 3.13 6.50
Perylene 2.92 3.87 2.79 4.38 4.09 4.32 6.01 3.09 4.58 3.54 4.29 3.72 2.76 3.68 2.31 5.34 4.75 4.37
Indeno(1,2,3-cd)pyrene 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00 0.20 0.00 0.31 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.09 3.33 2.42
Benzo(g,h,i)perylene 1.53 2.85 2.29 3.22 1.81 2.79 2.79 3.45 3.40 3.40 2.50 1.92 2.02 3.60 2.14 1.78 1.71 1.50
ΣPAH 101 102 93.9 133 122 134 137 147 138 113 108 103 119 128 114 45.2 40.3 38.6
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.28. Summary of raw results (µg/Kg, dry wt) for triploid oysters - November 2011. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.53 0.73 0.80 1.31 0.74 1.05 1.21 0.99 1.31 0.91 0.62 0.79 0.67 0.92 0.58 0.76 1.10 0.72
Benzothiophene 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.00 0.00 0.23 0.00 0.27 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.66 0.44 0.47 0.78 0.70 0.71 0.58 0.93 0.58 0.64 0.80 0.59 0.94 0.44 0.64 0.44 0.63 0.46
Biphenyl 2.92 4.09 2.17 2.82 2.96 2.13 4.26 3.40 3.32 2.48 1.91 1.84 2.59 2.42 2.21 0.00 0.00 0.00
2-ethylnaphthalene 1.60 1.07 1.13 1.15 1.33 1.28 1.41 1.70 1.51 1.06 1.00 1.29 1.82 1.34 1.06 0.00 0.00 0.00
Acenaphthylene 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.00 0.00 0.37 0.00 0.38 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.96 1.13 1.01 1.25 0.97 0.95 1.42 0.98 0.95 1.16 1.22 0.72 0.68 1.36 1.40 0.00 0.00 0.00
Dibenzofuran 1.35 3.14 1.64 2.15 2.43 2.55 3.12 1.80 2.64 1.48 1.79 1.09 1.26 2.60 1.95 0.27 0.23 0.24
Fluorene 1.15 0.99 0.63 1.10 1.02 1.09 0.94 1.64 1.23 0.74 0.51 1.18 1.40 0.99 1.06 0.68 0.76 0.59
Dibenzothiophene 0.73 1.57 0.64 1.53 0.99 1.40 1.45 0.94 1.30 0.89 1.19 0.55 0.62 1.59 1.14 0.60 0.52 0.45
Phenanthrene 2.31 2.85 2.52 3.03 3.42 3.05 3.78 6.13 6.42 3.29 4.07 2.95 2.41 4.18 2.35 1.45 1.08 0.86
Anthracene 0.52 0.54 0.66 0.67 0.64 0.91 0.57 0.65 1.01 0.61 0.47 0.52 0.79 0.67 0.78 0.34 0.32 0.23
Carbozole 1.28 0.83 1.68 2.28 1.47 2.75 2.08 1.61 1.68 1.43 0.93 1.82 1.43 1.32 1.49 0.00 0.00 0.00
4-methyldibenzothiophene 1.89 1.37 1.60 3.73 3.33 4.21 2.44 3.75 1.91 2.39 2.00 1.77 3.12 2.06 2.00 0.00 0.00 0.00
2-methylphenanthrene 4.73 2.45 5.76 7.57 5.02 6.89 5.84 7.40 4.38 4.44 5.49 3.78 5.71 3.33 5.08 0.74 0.69 0.64
2-methylanthracene 3.69 2.31 2.86 3.63 3.64 3.11 3.55 4.17 3.44 3.02 2.21 2.77 2.76 3.09 2.72 0.00 0.00 0.00
1-methylphenanthrene 5.39 5.47 6.97 10.8 7.14 11.6 7.93 11.6 8.98 9.76 4.77 5.01 8.31 7.13 7.61 0.00 0.00 0.00
3,6-dimethylphenanthrene 4.27 7.26 4.19 8.40 7.06 9.64 8.67 5.60 7.24 5.14 6.41 6.47 5.17 8.06 4.69 1.05 0.64 0.64
Fluoranthene 2.95 2.38 2.40 3.49 2.39 3.30 3.02 2.78 3.57 3.10 2.50 3.05 3.11 2.40 2.64 1.17 1.07 0.83
Pyrene 2.02 2.49 3.01 4.36 3.67 3.48 3.43 3.81 3.28 3.34 2.68 4.08 2.94 4.20 3.37 0.95 0.86 0.72
Benzo(a)fluorene 1.95 1.49 1.37 2.52 3.22 4.84 2.80 3.88 2.37 2.56 2.07 2.00 2.76 1.85 2.10 0.00 0.00 0.00
1-methylpyrene 4.90 4.34 4.56 5.16 4.70 3.77 5.32 5.50 5.42 4.60 4.00 4.77 4.68 5.45 4.92 0.65 0.66 0.67
Benzo(a)anthracene 2.33 3.37 2.10 3.77 3.80 3.55 4.54 4.63 3.05 3.64 2.29 3.34 2.95 3.01 3.00 3.50 2.47 2.68
Chrysene 13.6 19.5 12.2 15.6 15.5 14.1 15.6 19.9 17.6 17.0 17.0 17.6 13.7 16.7 16.1 4.55 5.24 5.03
5-methylchrysene 6.89 6.98 5.28 9.71 11.2 12.4 10.4 10.7 8.64 9.18 7.10 8.64 7.92 9.88 7.52 0.00 0.00 0.00
Benzo(b)fluoranthene 1.88 2.81 1.29 3.13 2.76 3.20 2.20 2.89 3.20 1.60 1.78 2.68 1.96 3.31 1.46 1.69 1.39 1.01
Benzo(k)fluoranthene 0.81 1.13 1.28 2.05 1.25 1.17 1.12 1.24 1.08 1.31 0.92 0.98 1.07 1.04 1.20 2.26 1.60 1.34
Benzo(e)pyrene 4.48 2.56 2.94 5.70 4.95 4.60 5.67 5.11 6.77 4.37 4.63 5.31 3.95 3.61 4.69 4.27 4.13 2.97
Benzo(a)pyrene 1.58 1.33 1.60 2.40 1.87 1.63 1.96 1.93 2.15 1.24 0.98 1.31 1.63 1.28 1.56 4.91 3.00 4.81
Perylene 3.08 3.76 2.02 2.73 2.76 4.44 3.71 3.42 3.79 2.64 2.88 2.40 1.97 2.77 2.04 4.30 3.43 3.95
Indeno(1,2,3-cd)pyrene 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.17 0.00 0.24 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.74 2.74 1.94
Benzo(g,h,i)perylene 1.58 2.50 1.95 2.52 1.56 2.90 2.52 2.58 2.83 2.33 2.32 1.62 1.26 3.21 1.79 1.63 1.23 1.26
ΣPAH 82.9 90.9 76.7 115 103 117 112 123 112 96.3 87.3 91.0 90.5 100 89.2 38.9 33.8 32.0
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.29. Summary of raw results (µg/Kg, dry wt) for triploid oysters - February 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.46 0.87 0.77 0.97 0.98 0.72 0.90 1.06 0.97 0.70 0.59 0.78 0.51 0.90 0.75 0.88 1.08 0.74
Benzothiophene 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.22 0.00 0.22 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.62 0.52 0.44 0.64 0.60 0.77 0.64 0.80 0.56 0.64 0.85 0.52 0.78 0.41 0.57 0.41 0.78 0.50
Biphenyl 2.27 2.56 1.60 2.45 2.08 2.13 2.58 3.08 3.13 2.22 1.67 1.58 1.82 2.97 2.53 0.00 0.00 0.00
2-ethylnaphthalene 1.45 1.12 0.78 1.23 1.07 1.00 1.47 1.45 1.83 1.04 1.05 1.30 1.44 1.19 0.82 0.00 0.00 0.00
Acenaphthylene 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.46 0.00 0.00 0.35 0.00 0.42 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.76 0.92 0.61 1.12 0.84 1.06 1.13 1.21 0.87 1.24 1.02 0.61 0.57 1.32 0.96 0.00 0.00 0.00
Dibenzofuran 1.44 2.55 1.93 2.78 2.29 2.56 2.82 1.81 1.91 1.46 1.74 1.11 1.53 2.15 1.91 0.30 0.22 0.24
Fluorene 1.00 1.24 0.58 0.91 1.10 0.96 1.01 1.07 0.96 0.78 0.47 0.94 1.11 1.07 0.82 0.80 0.77 0.70
Dibenzothiophene 0.70 1.45 0.71 1.29 0.93 1.07 1.32 0.97 0.88 0.69 0.95 0.68 0.51 1.57 1.05 0.63 0.52 0.49
Phenanthrene 2.10 3.28 3.01 2.81 3.31 2.86 3.26 4.92 4.01 2.86 3.73 3.81 2.91 3.42 2.87 1.32 1.18 0.85
Anthracene 0.40 0.68 0.68 0.78 0.50 0.60 0.58 0.72 0.76 0.58 0.46 0.60 0.57 0.67 0.73 0.37 0.30 0.29
Carbozole 1.27 0.90 1.42 1.79 1.25 1.87 2.03 1.81 1.80 1.62 0.96 1.46 1.24 1.19 1.22 0.00 0.00 0.00
4-methyldibenzothiophene 2.03 1.39 1.38 3.47 2.69 4.03 2.26 4.51 2.34 2.29 1.93 1.65 2.61 1.90 1.63 0.00 0.00 0.00
2-methylphenanthrene 5.57 2.96 3.95 6.81 6.60 5.46 6.01 6.17 4.57 3.52 6.36 3.86 4.80 4.15 4.61 0.81 0.63 0.67
2-methylanthracene 3.21 2.28 2.52 3.43 3.22 2.60 2.99 3.29 3.28 2.90 2.07 2.34 2.45 2.91 3.67 0.00 0.00 0.00
1-methylphenanthrene 4.79 4.21 5.68 7.16 6.79 12.5 6.59 10.8 9.40 7.31 5.91 5.44 10.5 5.34 7.95 0.00 0.00 0.00
3,6-dimethylphenanthrene 3.27 4.97 3.54 8.11 8.58 6.47 8.05 6.64 6.71 4.23 5.02 6.17 5.63 6.39 4.24 1.11 0.69 0.73
Fluoranthene 2.56 2.39 2.42 3.28 2.57 2.62 2.92 2.71 4.18 3.14 3.12 2.56 2.46 3.21 2.49 1.11 1.04 0.89
Pyrene 2.02 2.40 2.99 3.68 3.00 2.96 2.81 3.56 3.18 2.69 2.53 2.87 2.78 4.50 4.29 1.24 0.98 0.82
Benzo(a)fluorene 1.92 1.24 1.31 3.15 2.66 3.09 3.18 3.82 2.06 2.22 1.65 1.57 2.32 2.15 1.64 0.00 0.00 0.00
1-methylpyrene 4.68 3.58 4.26 4.63 4.24 3.85 4.88 4.71 3.80 4.34 3.19 3.43 5.48 4.69 5.09 0.68 0.60 0.70
Benzo(a)anthracene 1.92 3.29 1.75 3.30 3.27 2.93 4.10 4.22 3.10 3.28 1.94 3.12 2.33 3.76 3.12 3.01 2.25 2.35
Chrysene 10.6 13.4 11.9 19.5 18.1 11.6 18.3 21.1 18.2 14.5 13.7 13.2 15.6 18.9 16.8 4.84 5.38 4.94
5-methylchrysene 5.70 6.99 5.36 10.2 8.87 8.48 11.0 7.86 8.93 8.15 8.80 7.84 6.47 8.28 5.17 0.00 0.00 0.00
Benzo(b)fluoranthene 1.90 1.98 1.36 2.42 2.39 3.10 2.40 2.52 2.37 2.09 1.59 2.51 1.78 3.09 1.57 1.88 1.40 1.18
Benzo(k)fluoranthene 1.01 0.75 1.11 1.83 1.22 1.22 1.05 1.05 0.99 1.26 1.03 1.04 0.81 0.73 0.85 2.37 2.00 1.67
Benzo(e)pyrene 4.55 2.67 2.73 6.11 5.09 4.82 5.58 5.66 4.89 3.94 3.89 4.40 3.99 3.74 3.71 4.19 4.78 3.50
Benzo(a)pyrene 1.63 1.33 1.22 1.70 1.36 1.60 1.52 1.65 1.81 1.26 0.65 1.10 1.81 1.33 1.56 6.08 3.01 5.76
Perylene 2.23 3.89 1.93 2.71 2.95 3.62 4.10 3.45 4.33 2.60 3.07 2.29 2.54 2.66 1.60 4.54 4.03 3.73
Indeno(1,2,3-cd)pyrene 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.12 0.00 0.20 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 3.15 2.30
Benzo(g,h,i)perylene 1.45 2.04 1.51 2.30 1.39 2.75 1.78 2.57 2.61 2.94 2.06 1.67 1.50 2.16 1.82 1.81 1.53 1.36
ΣPAH 74.2 77.8 69.5 111 99.9 99.3 107 116 104 86.5 82.7 80.5 89.7 96.8 86.1 41.2 36.3 34.4
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.30. Summary of raw results for (µg/Kg, dry wt) triploid oysters - May 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.40 0.61 0.65 0.90 0.74 0.79 0.95 0.77 0.69 0.59 0.40 0.57 0.42 0.66 0.62 0.81 1.10 0.62
Benzothiophene 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.20 0.00 0.21 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.43 0.39 0.39 0.57 0.51 0.69 0.55 0.66 0.35 0.48 0.54 0.38 0.56 0.43 0.44 0.42 0.70 0.46
Biphenyl 1.87 2.13 1.68 2.07 1.63 1.21 2.75 2.26 2.81 1.90 1.35 1.36 1.45 2.49 1.97 0.00 0.00 0.00
2-ethylnaphthalene 1.23 1.05 0.86 0.85 0.73 0.79 1.25 1.32 1.27 0.79 0.98 0.93 1.67 1.07 0.71 0.00 0.00 0.00
Acenaphthylene 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.25 0.00 0.28 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.60 0.84 0.71 0.86 0.69 0.74 0.78 0.87 1.04 0.83 0.65 0.52 0.60 1.16 0.78 0.00 0.00 0.00
Dibenzofuran 0.96 2.00 1.57 1.61 2.01 2.22 2.56 1.39 1.93 1.22 1.32 0.92 1.16 1.90 1.57 0.25 0.21 0.24
Fluorene 0.96 0.78 0.46 0.76 0.83 0.63 0.95 1.18 0.70 0.64 0.42 0.80 0.85 0.90 0.73 0.81 0.77 0.59
Dibenzothiophene 0.51 1.18 0.68 0.98 0.83 0.93 1.00 0.62 0.92 0.57 0.71 0.50 0.64 0.94 0.90 0.66 0.49 0.43
Phenanthrene 1.75 2.24 1.84 2.10 2.42 2.26 2.68 4.74 4.43 1.97 3.03 2.74 2.72 2.96 2.32 1.42 1.06 0.90
Anthracene 0.35 0.46 0.45 0.54 0.38 0.53 0.49 0.59 0.66 0.42 0.42 0.38 0.54 0.49 0.49 0.35 0.33 0.26
Carbozole 0.83 0.74 1.01 1.49 1.23 1.69 1.35 1.03 1.36 1.55 0.67 1.15 1.21 1.10 1.50 0.00 0.00 0.00
4-methyldibenzothiophene 1.88 1.32 0.88 2.61 2.24 2.91 2.27 3.79 1.64 1.94 1.61 1.28 2.13 1.21 1.10 0.00 0.00 0.00
2-methylphenanthrene 4.02 1.88 3.64 4.99 4.67 4.89 4.94 6.39 4.43 3.00 4.85 3.31 4.84 3.39 4.27 0.76 0.64 0.70
2-methylanthracene 1.89 1.56 2.25 2.16 1.62 1.76 2.32 3.01 2.85 1.96 1.77 1.93 2.39 2.02 2.57 0.00 0.00 0.00
1-methylphenanthrene 5.33 4.24 4.92 5.28 5.44 8.3 4.26 8.87 7.67 5.84 4.84 3.29 7.78 5.93 6.27 0.00 0.00 0.00
3,6-dimethylphenanthrene 2.87 5.49 2.71 6.70 5.53 6.28 6.53 4.48 5.58 4.36 3.93 4.14 4.90 6.55 4.05 1.15 0.66 0.77
Fluoranthene 2.27 1.75 1.77 2.07 1.83 1.89 2.86 2.22 2.86 2.11 2.51 1.76 2.52 2.55 1.78 1.28 1.02 0.95
Pyrene 1.60 2.23 2.93 2.94 2.26 2.63 3.15 2.52 2.84 2.56 1.74 2.96 2.17 3.28 3.07 1.22 1.05 0.89
Benzo(a)fluorene 1.56 1.19 1.33 2.42 1.85 2.94 2.76 3.27 1.45 1.83 1.73 1.36 2.37 1.22 1.23 0.00 0.00 0.00
1-methylpyrene 3.37 3.26 3.06 3.32 3.26 2.72 3.04 4.04 3.64 3.58 2.84 3.67 3.71 3.85 4.14 0.70 0.61 0.67
Benzo(a)anthracene 1.75 2.34 1.55 1.96 2.34 2.50 3.38 3.23 2.58 2.26 2.21 2.21 1.96 2.20 2.55 3.32 2.56 2.49
Chrysene 9.71 14.2 11.6 13.1 12.9 10.9 13.6 15.7 14.8 13.3 9.21 13.3 13.8 12.9 11.9 4.75 4.73 5.55
5-methylchrysene 4.66 6.93 4.12 6.11 8.87 9.20 7.76 5.89 7.71 5.21 6.41 5.60 6.56 7.20 4.92 0.00 0.00 0.00
Benzo(b)fluoranthene 1.80 2.12 1.30 1.68 1.92 2.68 1.68 2.36 1.87 1.29 1.20 1.88 2.13 2.56 1.12 1.85 1.56 1.17
Benzo(k)fluoranthene 0.92 0.72 0.92 1.19 0.78 1.18 0.87 0.95 0.61 0.85 0.74 0.90 0.80 0.60 0.73 2.17 1.96 1.37
Benzo(e)pyrene 3.43 2.54 2.50 4.73 2.97 3.21 4.17 4.31 4.59 3.65 3.29 2.98 3.75 2.61 2.77 4.68 3.92 2.98
Benzo(a)pyrene 0.94 1.05 1.23 1.45 1.27 1.35 1.01 1.30 1.34 0.94 0.60 0.97 1.16 1.35 0.94 5.10 3.04 5.42
Perylene 2.37 3.02 1.40 1.96 2.03 3.29 3.90 2.50 3.24 2.08 2.57 2.36 1.48 2.67 1.57 3.98 4.23 3.91
Indeno(1,2,3-cd)pyrene 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.11 0.00 0.17 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.96 2.70 1.92
Benzo(g,h,i)perylene 1.07 1.89 1.53 1.85 1.04 2.06 1.40 2.30 2.17 1.96 1.46 1.29 0.97 1.86 1.41 1.85 1.43 1.28
ΣPAH 61.8 70.1 60.0 79.3 74.8 83.1 85.2 93.4 88.0 69.7 64.6 65.5 77.9 78.0 68.4 40.5 34.8 33.6
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.31. Summary of raw results (µg/Kg, dry wt) for triploid oysters - August 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.26 0.53 0.52 0.84 0.58 0.67 0.56 0.72 0.75 0.44 0.44 0.57 0.32 0.44 0.45 0.85 1.26 0.88
Benzothiophene 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.16 0.00 0.16 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.47 0.34 0.32 0.36 0.45 0.50 0.42 0.60 0.30 0.40 0.43 0.28 0.46 0.30 0.33 0.50 0.76 0.49
Biphenyl 1.81 1.57 1.17 1.32 1.82 1.35 2.34 1.94 2.07 1.44 1.43 1.29 1.37 2.02 1.07 0.00 0.00 0.00
2-ethylnaphthalene 0.71 0.69 0.54 1.00 0.62 0.62 0.95 1.07 0.99 0.63 0.90 0.67 0.87 0.62 0.48 0.00 0.00 0.00
Acenaphthylene 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.21 0.00 0.26 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.54 0.60 0.56 0.61 0.57 0.62 0.82 0.77 0.83 0.59 0.55 0.59 0.38 0.74 0.73 0.00 0.00 0.00
Dibenzofuran 0.85 1.86 1.31 1.56 1.78 1.72 1.91 1.11 1.46 1.25 1.27 0.72 0.76 1.80 1.17 0.29 0.27 0.28
Fluorene 0.64 0.66 0.44 0.56 0.68 0.59 0.71 0.98 0.61 0.50 0.29 0.57 0.79 0.76 0.39 0.82 0.88 0.68
Dibenzothiophene 0.43 0.91 0.50 0.92 0.79 0.87 0.99 0.50 0.74 0.61 0.75 0.43 0.39 0.87 0.59 0.68 0.55 0.51
Phenanthrene 1.70 2.13 1.88 2.03 1.86 1.69 3.02 2.67 3.46 2.13 2.60 2.15 1.91 2.00 1.52 1.90 1.09 1.02
Anthracene 0.24 0.50 0.45 0.42 0.36 0.58 0.37 0.47 0.60 0.45 0.34 0.35 0.36 0.31 0.39 0.40 0.31 0.28
Carbozole 0.65 0.51 1.01 1.32 0.87 1.44 1.32 1.10 0.87 1.12 0.60 0.97 0.67 0.66 1.11 0.00 0.00 0.00
4-methyldibenzothiophene 1.16 0.89 0.65 1.86 1.58 2.31 2.02 2.44 1.62 1.68 1.00 1.25 1.89 1.11 0.85 0.00 0.00 0.00
2-methylphenanthrene 3.95 1.62 3.96 4.25 3.88 3.73 3.28 5.00 2.75 2.97 3.99 2.58 3.33 2.20 2.94 1.03 0.88 0.73
2-methylanthracene 1.58 1.27 1.77 1.67 1.75 1.85 2.40 2.38 1.83 1.81 1.23 1.50 1.78 1.79 2.14 0.00 0.00 0.00
1-methylphenanthrene 2.85 2.98 4.62 6.68 3.76 7.0 4.08 6.04 5.73 5.26 3.61 3.92 5.54 3.50 3.95 0.00 0.00 0.00
3,6-dimethylphenanthrene 2.32 3.55 2.20 5.38 4.67 5.08 5.65 3.58 5.09 3.76 3.44 3.56 3.39 5.18 3.21 1.14 0.73 0.88
Fluoranthene 1.84 1.47 1.53 1.89 1.59 2.25 2.24 2.05 2.45 1.52 1.74 1.99 1.32 1.37 1.16 1.37 1.18 1.10
Pyrene 1.56 1.87 2.31 1.88 1.84 2.18 2.58 2.51 2.61 2.16 1.45 1.59 1.44 3.27 2.32 1.31 1.07 0.84
Benzo(a)fluorene 0.99 1.04 0.82 1.61 1.89 2.04 2.40 3.46 1.18 1.27 1.16 0.94 1.44 1.14 0.89 0.00 0.00 0.00
1-methylpyrene 2.81 3.10 3.37 3.02 3.12 2.42 2.71 3.23 3.42 2.32 2.04 2.85 3.58 2.32 2.78 0.77 0.70 0.77
Benzo(a)anthracene 1.33 1.58 1.23 1.63 2.36 1.98 2.98 2.06 2.11 1.89 1.80 2.24 1.87 1.96 1.71 3.92 2.48 3.02
Chrysene 8.65 11.1 6.68 13.4 11.3 8.66 10.1 14.0 9.31 9.54 7.16 10.3 9.80 10.6 8.51 5.41 5.19 6.37
5-methylchrysene 3.79 4.87 2.73 6.49 6.94 6.13 7.45 5.00 6.64 5.55 5.47 4.51 4.64 4.95 3.37 0.00 0.00 0.00
Benzo(b)fluoranthene 1.14 2.01 1.03 1.55 1.41 2.41 1.57 1.74 1.50 1.06 0.90 1.60 1.25 1.97 1.00 1.78 1.70 1.39
Benzo(k)fluoranthene 0.58 0.44 0.72 1.30 0.73 0.83 0.74 0.81 0.62 0.88 0.57 0.53 0.70 0.45 0.49 2.48 2.14 2.00
Benzo(e)pyrene 2.58 2.05 1.93 3.38 3.03 3.52 2.76 3.89 3.83 3.01 2.47 2.66 2.62 2.62 2.35 5.21 5.23 3.67
Benzo(a)pyrene 0.89 0.83 0.92 1.02 1.21 1.34 1.12 1.20 1.33 0.88 0.50 0.61 0.98 0.86 0.93 6.93 3.16 6.30
Perylene 1.49 1.84 1.37 1.98 1.57 1.99 2.57 2.08 2.26 1.77 1.78 1.93 1.35 2.00 1.22 5.51 4.78 5.12
Indeno(1,2,3-cd)pyrene 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.12 0.00 0.12 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.72 3.91 2.33
Benzo(g,h,i)perylene 0.80 1.15 1.00 1.58 1.02 1.67 1.24 1.94 2.20 1.52 1.32 0.95 1.00 1.86 1.26 2.24 1.43 1.54
ΣPAH 49.1 54.0 47.5 71.6 64.1 68.1 71.4 76.2 69.2 58.4 51.7 54.1 56.7 59.7 49.3 48.3 39.7 40.2
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.32. Summary of raw results (µg/Kg, dry wt) for triploid oysters - September 2012. 
 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3
Naphthalene 0.31 0.52 0.54 0.83 0.75 0.70 0.65 0.78 0.72 0.75 0.54 0.49 0.48 0.57 0.57 0.87 1.22 0.82
Benzothiophene 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.00 0.00 0.19 0.00 0.18 0.00 0.00 0.00 0.00 0.00
2-methylnaphthalene 0.47 0.30 0.40 0.64 0.58 0.62 0.53 0.77 0.42 0.51 0.53 0.38 0.61 0.50 0.62 0.44 0.76 0.52
Biphenyl 1.98 2.85 1.62 2.04 1.69 1.65 2.89 2.20 3.26 1.80 1.23 1.45 1.79 2.72 1.55 0.00 0.00 0.00
2-ethylnaphthalene 1.14 1.05 0.63 0.94 1.03 1.05 0.93 1.38 1.54 0.78 0.86 0.95 1.28 1.05 0.88 0.00 0.00 0.00
Acenaphthylene 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00 0.21 0.00 0.38 0.00 0.00 0.00 0.00 0.00
Acenaphthene 0.61 0.82 0.63 0.99 0.87 0.86 0.89 0.74 0.89 0.74 0.66 0.66 0.49 0.91 0.96 0.00 0.00 0.00
Dibenzofuran 1.16 2.35 1.30 1.75 1.48 2.49 2.03 1.61 1.94 1.35 1.20 0.94 1.39 2.03 1.37 0.27 0.24 0.28
Fluorene 0.74 0.78 0.53 0.93 1.05 0.61 0.78 1.11 0.91 0.58 0.46 0.93 1.05 0.77 0.69 0.83 0.76 0.69
Dibenzothiophene 0.55 0.98 0.61 0.83 0.85 1.03 1.00 0.62 0.91 0.74 0.74 0.57 0.65 0.97 0.93 0.76 0.49 0.50
Phenanthrene 1.61 2.23 2.31 2.46 2.07 2.33 3.38 3.39 3.40 2.63 3.16 2.41 2.43 2.96 1.89 1.54 1.09 1.14
Anthracene 0.38 0.50 0.39 0.54 0.52 0.58 0.65 0.63 0.57 0.39 0.34 0.37 0.47 0.55 0.62 0.37 0.34 0.34
Carbozole 0.78 0.60 0.86 1.75 1.54 1.91 1.70 1.33 1.45 1.25 0.81 1.08 1.03 1.16 1.32 0.00 0.00 0.00
4-methyldibenzothiophene 1.72 1.00 0.97 1.98 1.94 2.81 2.43 3.30 1.35 1.54 1.52 1.43 2.40 1.78 1.70 0.00 0.00 0.00
2-methylphenanthrene 4.05 1.97 3.96 6.13 3.51 5.06 5.33 6.40 2.93 2.78 4.78 2.68 4.88 3.30 5.13 0.87 0.75 0.75
2-methylanthracene 2.65 1.66 2.55 2.03 2.43 1.87 3.20 2.36 3.01 2.20 1.40 1.76 2.94 2.02 2.11 0.00 0.00 0.00
1-methylphenanthrene 4.09 3.68 5.31 6.95 4.82 10.7 4.68 7.22 8.93 5.34 5.00 3.33 6.82 6.29 5.98 0.00 0.00 0.00
3,6-dimethylphenanthrene 3.19 4.54 2.99 5.47 5.01 6.21 5.63 4.21 6.03 3.62 5.31 5.42 3.39 5.77 4.61 1.12 0.76 0.75
Fluoranthene 1.88 1.54 1.84 2.04 1.89 2.47 1.95 2.31 3.32 2.53 2.58 2.03 1.76 2.49 2.00 1.24 1.11 0.98
Pyrene 1.71 1.86 2.16 2.79 2.24 2.59 2.99 3.06 2.67 2.50 2.27 2.76 2.61 3.36 2.34 1.28 1.09 0.84
Benzo(a)fluorene 1.46 1.25 1.06 2.66 2.44 3.01 2.65 3.58 1.52 1.51 1.48 1.43 1.82 1.38 1.39 0.00 0.00 0.00
1-methylpyrene 3.76 3.59 3.58 3.79 3.73 2.95 3.65 5.03 2.91 3.25 3.01 2.48 3.74 3.73 3.65 0.69 0.78 0.74
Benzo(a)anthracene 1.74 2.47 1.40 2.33 2.21 2.91 3.43 2.53 2.04 2.61 1.68 2.12 2.52 2.84 2.44 3.10 2.65 2.59
Chrysene 10.4 13.3 8.69 11.3 12.5 11.6 11.3 18.5 12.4 10.8 8.85 12.8 9.58 16.5 13.7 4.85 6.29 5.63
5-methylchrysene 4.29 5.34 3.44 8.23 8.20 9.24 8.47 7.51 6.43 6.36 5.78 4.90 5.73 7.77 4.05 0.00 0.00 0.00
Benzo(b)fluoranthene 1.69 2.25 0.85 1.85 1.76 2.84 1.60 2.21 2.09 1.26 1.08 2.00 2.32 2.57 1.38 1.86 1.83 1.36
Benzo(k)fluoranthene 0.79 0.73 1.06 1.33 0.91 1.00 0.89 0.84 0.65 0.74 0.58 0.66 1.00 0.79 0.93 2.25 2.09 1.56
Benzo(e)pyrene 3.30 2.62 1.72 4.90 3.71 3.66 3.56 4.36 4.63 3.95 2.57 4.00 3.63 2.97 2.49 4.46 4.49 3.18
Benzo(a)pyrene 1.29 0.80 0.98 1.57 1.15 1.38 1.35 1.27 1.64 0.86 0.68 0.90 1.36 1.24 1.31 6.56 3.31 4.76
Perylene 1.85 2.66 1.76 2.06 1.88 2.89 3.63 2.81 2.66 2.38 2.45 1.69 2.15 2.54 1.88 4.60 4.32 4.14
Indeno(1,2,3-cd)pyrene 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.12 0.00 0.17 0.00 0.00 0.00 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.34 3.13 2.46
Benzo(g,h,i)perylene 1.13 1.42 1.29 1.97 1.18 2.27 1.62 2.07 1.94 2.27 1.17 1.67 1.39 2.66 1.55 1.81 1.60 1.59
ΣPAH 61.2 65.7 55.5 83.1 73.9 89.2 83.8 95.0 83.2 68.0 63.2 64.3 72.4 84.2 70.0 43.1 39.1 35.6
Site #6Site #1 Site #2 Site #3 Site #4 Site #5
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Table A.33. Summary of lipid content results (%, dry wt) for Bay Jimmy and Grand Isle sites. 
 
#1 #2 #3 #4 #5 #6 Avg. Std. Dev.
072811 Diploid 14.9 15.1 16.7 14.6 16.5 15.5 15.6 0.864
Triploid 10.4 11.6 11.1 10.7 11.4 10.6 11.0 0.476
091611 Diploid 11.4 12.3 11.0 11.6 10.9 11.6 11.5 0.514
Triploid 10.2 9.5 10.1 11.4 10.0 10.9 10.3 0.680
112111 Diploid 9.2 8.8 8.7 8.4 8.9 8.7 8.8 0.254
Triploid 9.0 7.9 9.6 9.1 9.3 8.6 8.9 0.570
022812 Diploid 7.8 8.5 8.4 7.9 8.8 8.8 8.4 0.445
Triploid 9.8 10.0 9.2 8.3 7.6 9.0 9.0 0.895
053012 Diploid 11.5 11.2 11.6 11.1 10.8 11.5 11.3 0.314
Triploid 10.2 10.0 10.6 10.9 10.5 9.8 10.3 0.421
082312 Diploid 14.3 15.3 15.6 14.8 15.5 15.7 15.2 0.572
Triploid 11.8 11.5 10.8 11.7 11.2 11.1 11.3 0.376
090712 Diploid 12.2 11.3 11.4 11.5 10.7 10.8 11.3 0.536
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